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INTRODUCT ION

A targe number of fish species, many of commercial impor-
tance, are planktonic during their egg and larval stages.
Their relative immobility and small size make them susceptible
to entrainment through power plants which use seawater for
once-through condenser cooling. Entrained organisms are
subjected to many stresses during plant passage including
thermal shock, rapid pressure changes, mechanical damage, and
exposure to chemicals used to control the growth of fouling
"organisms (Clark and Brownell, 1973; Coutant, 1974; Marcy,
1974). These eggs and larvae are also exposed to elevated
temperatures during passage through plant discharge canals,
The importance of power plant mortality is unknown, but is
related to the quantity of organisms withdrawn at plant intakes
and the species affected (Marcy, 1974).

Estuarine areas, such as those near the Big Bend plant,
are known to be important nursery areas for many species of
sport and commercial fishes (Pearse and Gunter, 1957: Skud
and Wilson, 1960; Sykes and Finucane, 1966; Gallaway and
Strawn, 1974; Carr and Giesel, 1975). Young fishes which

five in these environments are sensitive to a variety of
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fluctuations in the environment, including temperature (deSylva,
1969; Agstin, 1973). Fishes living in water in the 25—3000
temperature range, the range normally experienced in the source water
of the Big Bend plant during summertime (TECO, 1975a), are
already living at temperatures close to their thermal death
point (Mayer, 1914; Voss et al, 1969). Rapid increase in
water temperature above this level may have detrimental effects
upon individual organisms. Losses of ichthyoplankton caused
by plant entrainment and temperature increase represent a
larger impact on the ultimate adult populations over a larger
geographical area than do similar losses of phytoplankton or
zoop lankton because of the longer regeneration time and |ife
cycle of fishes (Morgan and Stross, 1969; Mihursky, 1969;
Marcy, 1974).

Power plant induced mortality is not restricted to rapid
température increases. Marcy (1973) reported 100% mortality
of larval fish passing through the Connecticut Yankee Plant,
but he attributed only 20% to thermal effects. He ascribed
the remainder of the mortality to mechanical abrasion caused
by passage through the condenser tubes.

Studies at other power plants (Marcy, 1971; Edsall and
Yocum, 1972; Atomic Energy Commission, 1973; Florida Power
Corporation, 1975) have estimated entrainment mortalities

ranging from 100 million individuals per year to as high
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as 164.5 miliion individuals per day. It is difficult to deter~
mine the significance of these numbers without knowledge of the
abundance, rate of production, and natural mortality rates of

the populations from which these individuals came,

Literature Review

There has been little work done concerning the abundance and
distribution of fishes of the Tampa Bay area. The most compre-
hensive work to date is Springer and Woodburn’s (1960) study of
the adult fishes in the vicinity of St, Petersburg. Their study
dealt almost entirely with juveniles and adults of the area,
although some information concerning spawning seasons, based on
the collection of ripe or nearly-ripe adults, was given. Some
information concerning food habits of various species was also
provided., They did provide'a systematic listing of the fish
species found in the area. Additions to the |ist have been
reported by Springer (1961i) and Moe and Martin (1965).

Kelly and Dragovich (1967) studied the zooplankton of the
Bay system, but they provided little information on the ichthyo-
plankton. Fish eggs were not identified and larvae were identified
only to family. Sykes and Finucane (1966) outlined the distri-
bution of immature forms of commercially important fish species
in the Bay area. They did not, however, provide information deal-
ing with the distribution of either eggs or smaller larvae.

Some of the most useful information elucidating the seasonal
distribution and relative abundance of Juvenile and adult fishes
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in the vicinity of the Big Bend plant was gained from compiling
five and one half years worth of data gathered during the con-
tinuing studies at Big Bend. This information has been summarized

in the ichthyoplankton section of a previous report (Phillips,

1976b).

Study Objectives

Ichthyoplankton sampling in the vicinity of the Big Bend
plant began in August, 1975. The specific objectives of the
program as outlined in the Prospectus for Studies (Conservation
Consultants, Inc., 1975) were to ”“determine the number and kinds
of fish eggs and larvae entrained by the plant and their viability
after plant passage.” This portion of the report will deal pri-
marily with the first part of the objectives (i.e. numbers and
kinds of eggs and larvae entrained). Comparisons between estimated
numbers of eggs entrained and the number of eggs present
within the study area will be attempted for selected
species, Viability of entrained eggs and larvae will be discussed
in Ichthyoplankton Studies, Part 1|, Rearing Studies.

Although not specifically requested by the regulatory agencies,
much information concerning species composition, seasonal distri-
bution, and abundance of fish eggs and larvae within the study
area has been obtained as part of this program. Some of this
information has been presented in previous reports (Phillips,
1976a; 1976b; 1976c; 1977a; 1977b). Additional discussion of

these factors will be presented in this report,
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Study Limitations

Sampling Efficiency

In any biological sampling program, quantitative estimates
of species abundance are biased by the efficiency of the col-
lecting gear. The efficiency of plankton nets used for ichthyo-
plankton sampling depends on several factors, including initial
filtering rate of the net, clogging of the mesh, extrusion of
eggs and larvae through the mesh, and ivoidance of the net by
larger individuals. A discussion of these factors can be found in
Tranter and Heron (1967), Mahnken and Jossi (1967), Tranter and
Smith (1968), Vannucci (1968), Clutter and Auraka (1968) and
Barkley (1972). A brief discussion of sampling inefficiency
during the study, due to ciogging, extrusion and avoidance, is
presented in the following paragraphs.

During the course of sampling at Big Bend, the problem of
net clogging was probably one of the most important factors
affecting the efficiency of the gear used. During winter sampl ing
periods, large numbers of ctenophores were encountered at sam-
pling stations. They rapidly filled the cod-end container and
clogged the net mesh, preventing long tows. Spring and summer
sampling periods were plagued by net clogging caused by the
presence of large numbers of chain diatoms. No attempts have
been made to quantify the reduced efficiency of the sampling
gear, but it is assumed that ichthyoplankton abundance estimates

are biased on the low side.
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Extrusion of eggs and larvae through the net mesh was probably
not a significant problem, since a 363 pm mesh net was used
rather than a 505 pm mesh net, as recommended for ichthyoplankton
sampling by UNESCO (1975). The eggs and larvae of most species
common in the Big Bend area range upward in size from 0.5 mm.
Many samples contained larvae that were smaller than previously
reported hatching lengths,
Avoidance of plankton nets by fish larvae is another problem

-encountered in ichthyoplankton surveys. Several explanations
for net avoidance have been suggested. These include vertical
migration by the larvae, patchiness, detection of pressure waves
in front of the net by the larvae and visual observation of the
net by the larvae (Scotten et al., 1973). Additional factors
affecting catch size, and possibly related to net avoidance,
include differences observed when sampling occurs during different
moon phases, during different tidal phases and between daytime
and nighttime collections (Bridger, 1956; deSylva, 1970; Fore
and Baxter, 1972). In an attempt to minimize some of these
avoidance factors, sampling at Big Bend was designed to occur
during both day and night, always within the same 24-hour period,
and on the same tide phase within that period whenever possible.
Again, no attempt was made to quantify net avoidance, but it is
assumed that these factors causcd the estimates of the populations

to be on the low side,
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Plankton Patchiness

A weil known phenomenon affecting the accuracy of plankton
surveys is that of patchiness. Cushing (1962) suggested that
predators aggregate near their prey, thus creating areas of
greater abundance, or patches. Patches have been shown to range
in size from only a few meters diameter to as large as 60 km in
diameter (Cushing, 1962). The size of ichthyoplankton patches
in the vicinity of the Big Bend plant is unknown; however, it is
probably safe to assume that they are on the order of meters or
hundreds of meters in diameter rather than kilometers, This
assumption is based upon the known schooling behavior of most of
the fishes with pelagic eggs that are common near the plant.
Spawning would tend to occur in a relatively small, localized
area within and near the school of spawners, and with the poor
flushing characteristics of Tampa Bay (Ross, 1973), patches of
eggs and larvae would be less likely to be dispersed by currents.,

Wiebe and Holland (1968) showed that a net of 100 cm mouth
diameter sampied more accurately than one of only 25 cm diameter,
In a computer simulation of zooplankton patchiness and its effect
on sampling error, Wiebe (1971) demonstrated that precision in
sampling small patches (7.5 to 42.5 m/side) was not directly

related to increases in the volume of water filtered, but rather

to sampling the "right” number of patches. He found that increased

accuracy could be gained by making longer tows. Sampling error

associated with smaller plankton patches should have been iessened
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during studies at Big Bend by the combined use of a large net

3

(100 cm diameter) with relatively long tows (up to 100 m Filteréd).

Sorting Efficiency

Fifty samples were randomly selected to be re-sorted to
check the efficiency of initial sorting. Procedures used to
re-sort samples followed those outlined by Clark, et al. (1969,
1970). For samples which initially contained large numbers of
larvae, or for samples containing large volumes of zooplankton,
three 10 ml aliquots were withdrawn at random and sorted for
additional larvae. 1|f the number of non-anchovy larvae in the
three aliquots exceeded ten percent of the total number originally
found in the sample (on an extrapolatcd volume basis), the entire
sample was sorted a second time. In the case of samples which
contained only low numbers of larvae initially, the entire sample
was resorted., To eliminate bias, no sample was resorted by the
same person who sorted it initially. The number of larvae found
when samples were resorted was used to calculate a “percentage
missed” on initial sorting. Due to the limitations of time and
manpower, it was not possible to resort all samples.

Mean sorting efficiency, for non-anchovy larvae as determined
from the fifty resorted samples, was 92.9% (i.e. 7.1% missed on
initial sorting). Spring and summer samples contained a larger
number of ’'missed’ larvae than samples collected during the fall

and winter months,



Lack of a Water Current Study

As previously stated, many species of fish are planktonic
during their egg and early larval stages. Due to their small
size and relative immobility, they drift more or less passively
with the water currents. The present ichthyoplankton survey
provides information on the number of eggs and larvae in a given
area at the time they are collected, However, a knowledge of
circulation patterns in the study area could also provide infor-
mation on the location of eggs and larvae during thé past and at
future times, as well as on the length of time that eggs and
larvae remain in a given area. This information is useful in
determining both population size and the proportion of a popu-~
lation entrained by the power plant,

Only one study of the currents in the vicinity of the plant
is extant (Stone and Webster, 1970). This study was conducted
during an eight-hour period on October 9, 1969, previous to the
start-up of the first unit at Big Bend. Results of this study
provide little information concerning the currents near the
plant since the study area was small (nine square miles), the
duration of the study short, and it was concluded that wind effects
during the time of the survey were significant.

A computer simulation of the currents within Tampa Bay was
attempted by Ross (1973). Although a counterclockwise gyre was
reported offshore from the power plant, this area was not studied

in sufficient detail to determine cither the source of plant cool~
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ing water or the source and fate of water present at open bay

ichthyoplankton stations (E-5, B/C-5, A-5, 0-17).

Identifications

Two hundred and eighty-seven species, representing eighty
families of fish (excluding sharks, skates and rays), have been
reported from the Tampa Bay area (Springer and Woodburn, 1960;
Springer, 1961; Moe and Martin, 1965; Powell, Dwinell and Dwinell,
1972). Of these, only 30% (86 species) have been described dur-
ing their egg and larval stages (many of these descriptions are
not of species present at Big Bend, but of closely related
species within the same genera). During ichthyoplankton studies
at Big Bend, eggs and larvae representing forty one species from
twenty-two families have been collected. Many of the identifica-
tions made as part of this program are only tentative and have
been so noted in previous reports. Specific problems of identi-
fication are mentioned in the discussion of seasonality and
entrainment.

Attempts were made to identify all eggs and larvae to the
species level; however, this was not possible in many cases. Egg
identifications are accurate to at least the family level, with
some of the more common forms accurate to the genus or species
level. Larval identifications are somewhat easier to make, and
in most cases, are accurate to at least the genus level. Many of
the more common larvae were identified accurately to the species
level. ldentifications of most species were verified by experts
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in other parts of the southeast U, S, (see Acknowledgements),
fdentifications of several species, previously undescribed,

were made from size series of larvae assembled from plankton
collections. Larvae smaller than 2.5 mm SL presented difficulties

and, in many cases, were not identified below genus.

METHODS

Sample Colilection and Sorting

Methods utilized during the ichthyoplankton program have
been discussed in previous reports (TECO, 1975b; Phillips, 1976b)
but will be reviewed herein.

Ten stations in the vicinity of the plant (Figure 5.1) were
sampled at two week intervals from January, 1976 through March,
1977. Samples were collected during both the daytime and at
night on the same tide phases. Inclement weather and boat break-
down forced the postponement of sampling on several occasions,
Plankton samples were collected with a 363 pm mesh, one meter
mouth diameter, metered plankton net towed at a speed of approxi=-
mately 2 knots behind a 24-foot outboard boat. The net was weighted
and allowed to sink at the start of each tow. This technique
resulted in the net fishing an oliiique trajectory, starting near
the bottom and ending at the surface. Efforts were made to filter
as much water as possible and to try to approach 100 m3 as reco-
mmended by UNESCO (1975). The volume of water filtered was |imited
on numerous occasions, due to extreme net clogging, caused either

by dense phytoplankton and zooplankton blooms or by large numbers

of ctenophores.
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One liter glass bottles were used as cod end containers
for each sample collected. A measured amount of buffered
formalin was added to each sample immediately after collection
to give a final concentration of 5%. The plankton net was
washed immediately after ecach tow to insure that there would
be no cumulative net clogging or contamination.

Physical data, consisting of station depth, air tempera-
ture, surface, mid-depth and bottom water temperature, salinity
and dissolved oxygen, was taken at each station prior to
sample collection. Surface, mid-depth, and bottom water
samples were collected with a PVYC Van Dorn bottie and returned
to the laboratory for analysis of water turbidity. Instruments
used to collect physical data have been listed in a previous
report (TECO, 1975b).

All samples were sorted with the aid of binocular dissecting
microscopes using 10-15X magnification, Each microscope was
fitted with an ocular micrometer. The standard length (SL),
i.e. the straight-line distance from the most anterior part
of the head to the tip of the notochord (Mansueti and Hardy,
1967) measured to the nearest one-tenth millimeter, was
recorded for the first fifty individuals of each species. |If
there were fewer than fifty individuals of a species in a
sample, all individuals of that species were measured. All

larvae, except those of the bay anchovy, Anchoa mitchilli,
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were removed from each sample and placed in numbered vials. Anchovy
larvae were not removed from samples because they were so numerous.
They were counted, and the total number of anchovy larvae in each
sample was recorded. The contents of each vial were later reexam-~
ined under an Olympus dark-field dissecting microscope at 20-25X
magnification for verification of the initial identifications.

Three random 10 ml aliquots were withdrawn from each sample
and sorted for eggs. |If there were 100 or more eggs of a particu-
lar species in-each aliquot, the number of eggs contained in the
aliquots was used to extrapolate the number of eggs in the entire
sample on a volume basis. The entire sample was sorted for eggs
of any species with fewer than 100 eggs in the first aliquot.
Representative numbers of eggs of each species were placed in
numbered vials for later verification of identifications.

All eggs and larvae were identified to the lowest taxon

possible, based upon descriptions given in current literature. In
addition, confirmation of our identifications were obtained from
scientists at the Florida Department of Natural Resources; the
University of Miami, Rosenstiel School of Marine and Atmospheric
Science; the Southeast Fisheries Center, National Marine Fisheries
Service, Miami; and the University of Southwestern Louisiana.
In most cases, larval identifications are accurate to the genus
level. Egg identifications are accurate at least to the family
level. A complete listing of literature used to aid in egg and
farval identifications is given in Appendix 5.A.
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Replicate Samples

In order to estimate the possible variability that might be
expected for ichthyoplankton samples in the Big Bend area, a
series of replicate tows were collected on one date (April 14,
1977). Six consecutive plankton tows were made at each of two
stations (A=5, an open bay station; |-1, the plant discharge).
Replicate samples were collected and sorted as described for

routine ichthyoplankton samples.

RESULTS AND DISCUSSION

Replicate Samples

The results of the six consecutive tows taken at station
-1 and A-5 on April 14, 1977 are presented in Tables 5.1-5.4.
For each species, the number of individuals per 100m3 reported
represents the mean value of all six tows at one station.
Coefficients of variation were calculated with the foiiuwing

equation from Eberhardt and Gilbert (1975):

standard deviation s
C.V. = - =
mean X
The coefficients of variution for individual larval species

range from 0.21 = 2.46 at |-1 and from 0,70 -~ 2.86 at A-5. The
lowest coefficient of variation at station [~1, and second lowest

at station A-5 was obtained for Anchoa mitchilli. This is not

surprising since this species is by far the most abundant species

collected, representing 82.4% of the larvae collected at
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Table 5.1. Mean number per 100m3 and calculated coefficients
of variation for fish eggs collected in six

consecutive tows at station |-1 (plant discharge).
Mean Number Per Coefficient
Species 100m3 Filtered of Variation
Anchoa mitchilli
(bay anchovy) 83.33 0.22
?Sciaenidae 6.33 1.11
TOTAL 89.67 0.17

Table 5.2. Mean number per 100m3 and calculated coefficients
of variation for fish eggs collected in six
consecutive tows at station A-5 (open bay).

Mean Number Per Coefficient
Species 100m3 Filtered of Variation

?Engraul idae 55.67 0.35
Anchoa hepsetus

(striped anchovy) 3.67 1.39
Anchoa mitchilli

(bay anchovy) 2915.67 0.13
?Sciaenidae 226.00 0.32
?Prionotus 0.67 2.45
Achirus lineatus

(lined sole) 1.33 1.62
TOTAL 3203.00 0.14
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Table 5.3. Mean number per 100m3

and calculated coefficients

of variation for fish larvae collected in six
consecutive tows at station I-1 (plant discharge),
Mean Number Per Coefficient
Species 100m3 Filtered of Variation
Anchoa mitchilli
(bay anchovy) 376.50 0.21
Syngnathus sp.
(pipefish) 0.83 2.46
Cynoscion (?arenarius)
(sand seatrout) 1.00 2.45
Menticirrhus saxatilis
(Northern kingfish) 1.67 1.54
Sciaenidae? 3.17 2.45
Hypsoblennius hentzi
(feather blenny) 1.83 2.45
Gobiosoma robustum
(code goby) 21,67 0.64
Microgobius 2.67 1,10
Microgobius gulosus
(clown goby) 43.50 0.58
Unidentified goby 0.67 2.43
Achiirus lineatus
(lined sole) 2.50 1,12
Too Damaged to ID 0.83 2.46
TOTAL 45¢.53 0.22
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Table 5.4. Mean number per 100m3 and calculated coefficients
of variation for fish larvae collected in six
consecutive tows at station A-5 (open bay).

Mean Number Per Coefficient
Species 100m3 Filtered of Variation

Brevoortia sp. 1.17 2,86
Anchoa mitchilli

(bay anchovy) 7053.50 0.73
Strongylura timucu

(timucu) 0.50 2.44
Membras martinica

(rough silverside) 11.33 0.70
Orthopristis chrysoptera

(pigfish) 0.67 2.43
Cynoscion arenarius

(sand seatrout) 65.33 1.49
Cynoscion (Zarenarius) 61,67 1.56
Menticirrhus saxatilis

(Northern kingfish) 51.00 0.95
Pogonias cromis

(black drum) 0.83 2.46
?Sciaenidae 5.17 1.56
Hypsoblennius hentzi

(feather blenny) 4.17 1.68
Microgobius gulosus

(clown goby) 2.17 1.11
Achirus |lineatus

(lined sole) 1.33 1.56
Unidentified 2.83 1.85
Too damaged to ID 0.67 2.43
TOTAL 7262.33 0.73
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station |-1 and 97.1% of the larvae collected at station A-5,
This dominance by anchovy larvae is reflected in the total
coefficient of variation, which is equal (station A-5) or
virtually equal (station |-1) to the A. mitchilli coefficient
of variation. Much higher coefficients of variation were found
for almost all of the other, less numerous, larval species
col lected.

The coefficients of variation for the egg taxa also show
much variation. Again, the lowest values at each station were

found for Anchoa mitchilli.

Species Composition & Seasonal Patterns

The results of tiliie ichthyoplankton sampling between
January, 1976 to March, 1977 have been presented in past
quarterly reports (Phillips, 1976b; 1976c; 1977a; 1977b; 1977c).

Larvae from twenty-two families of fish were collected
during the fifteen months of .ichthyoplankton sampling (January,
1976 to March, 1977). Forty one species were represented by
these larvae, although this number could be slightly higher or
lower becuuse of some uncertain identiTications at the species
level, Engraulid (anchovy) larvae were the Zominant type,
constituting 87.4% of all larvae collected. Two, or possibly
three species of engraulids were represented in the collections,

although Anchoa mitchilli (bay anchovy) larvae were by far

5-19



the most numerous. Larval sciaenids (drums) were second in
abundance, accounting for 3.9% of all larvae taken. The family
with the most species was the Sciaenidae, with seven species
from five genera. Larvae of six of the twenty-two families
recorded constituted 98,3% of all larvae collected. This infor-
mation is summarized in Table 5.5,

Eggs from twelve families were collected. Of these,
engraulid and sciaenid eggs accounted for 73.1% and 26.2%
respectively of all eggs collected, and together these two
families represented 99.3% of the eggs taken during the fifteen
months. This information is also summarized in Table 5.5.

Seasonality of the Big Bend ichthyoplankton was discussed
in a previous report (Phillips, 1977b), but will be briefly
reviewed here. Although some spawning occurred during each
month of 1976, peak densities of both eggs and larvae were noted
between the months of March and October. The total number of
eggs and larvae collected each month is presented in Figure 5.2.
A. mitchilli eggs and larvae dominated on most sampling dates
during this period. Other species which reached their greatest
abundance during spring and summer include several species of

sciaenids, (drums), a clupeid, Harengula jaguana (scaled sardine),

two species of carangids (jacks), a sparid, Archosargus

probatocephalus (sheepshead), and the lined sole, Achirus lineatus.
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Table 5.5.

Percent of total eggs and larvae taken during

ichthyoplankton sampling at Big Bend, by family,

LARVAE EGGS
Family % of Total Family % of Total
Engraul idae 87.4 Engraul idae 73.1}99-3%
Sciaenidae 3.9 Sciaenidae 26,2
Gobi idae 2.7 Carangidae 0.4
Pomadasy i dae 2.1/983% | Clupeidae 0.2
Carangidae 1.1
Sparidae 1.1 Soleidae \
Clupeidae 0.5 Triglidae
Bienni idae 0.4 Pomadasyidae
Soleidae 0.2 CyprinodontidaJ> 0.1%
Triglidae 0.2 Ephippidae (total)
Atherinidae 0.1 Belonidae
Atherinidae
Gobiesocidae Gobi i dae j
Syngnathidae
Cynoglossidae
Ephippidae
Ophichthidae
Tetraodontidae 0. 3%
Mugi |l idae (total)
Belonidae
Bothidae

Cyprinodontidae
Gerreidae
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The initiation of spawning in the spring by most species
can probably be attributed to a variety of factors, including
seasonal increases in water temperatures caused by solar
heating, the abundance of planktonic food organisms, and favorable
day lengths at this time of year. Gunter (1945) found that
spawning along the Texas coast was related to watep temperatures,
and he provided a list of species which begin breeding when

specified temperatures are reached,

Spawning at Big Bend continued throughout the summer
months when water temperatures were as high as 320 to 350C.

Fall represented the time of year when spawning tapered
off and, for many species, ceased altogether., This decline
was most noticeable because of the absence of both anchovy
and drum eggs and larvae after about mid-October. Several
species including two atherinids (bilversides), the skilletfish,

Gobiesox strumosus and the gobies and blennys continued to

spawn at low levels throughout the fall and even into the winter
months,

Little spawning occurred during winter months (December
through February, 1976 and 1977) and most collections contained
no eggs and only a few larvae, Reéently hatched feather blenny

larvae (Hypsoblennius hentzi) were taken on all sampling dates,

Menhaden (Brevoortia spp.), pinfish (Lagodon rhomboides), and
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spot (Leiostomus xanthurus) larvae and juveniles were taken

in January and February of both 1976 and 1977. These three
species spawn somewhere south of the study area (possibly in
the Gulf) and migrate into the area at a size usually exceeding
12mm SL. Leptocephalus larvae of the speckled worm eel,

Myrophis punctatus, absent in samples from 1976, were taken in

January and February, 1977.
A graph summarizing the months of occurrence of all species
collected during the ichthyoplankton program is presented in

Appendix 7.B.

Seasonal Distribution of Selected Species

CLUPEIDAE - herrings
At least two species of clupeids have been collected during
routine ichthyoplankton sampling at Big Bend. These include

menhaden eggs and larvae identified only as Brevoortia sp.

(because of the confusion generated by the presence in the area
of three members of this genus, B. patronus, B. smithi and their

hybrid B. patronus x smithi [Dahlberg, 1970]) and eggs and

larvae of the scaled sardine, Harenguia jaguana Poey.

Brevoortia larvae are apparently spawned in the Gulf of

Mexico and migrate into the Big Bend area during January and
February after having reached a size of 10-15mm SL. Larval

menhadens were usually taken in greater numbers at open bay

5-24



stations rather than near plant intakes and discharges., Although

larvae were collected in January and February of both 1976 and

1977, numbers were usually low. Adults have rarely been taken

in the vicinity of the plant (see Chapter 8). It is probable

that plant impact on this spec}es is relatively insignificant,
Eggs and larvae of the scaled sardine, H. jaguana, were

present within the study area from late April through

August, 1976, This species has a slight commercial value as

a baitfish, but stocks in the Big Bend area are not fully

exploited for this purpose. Mean numbers per 1OOm3 for both

eggs and larvae are presented graphically in Figure 5.3. Eggs

were always more numerous than larvae except on July 20, 1976,

but densities of both were always low, indicating that the

waters in the vicinity of the plant may not be a major spawning

area for the species. H. jaguana eggs were most numerous on

May 13, 1976 and declined in number through August. The late

spring and summer spawning season observed in Tampa Bay coincides

with the spawning season for the species in other parts of its

range (Gunter, 1945; Martinez and Houde, 1975).

ENGRAULIDAE - anchovies

Engraulid eggs and larvae were more abundant in Big Bend
ichthy oplankton samples than those of any other family, accounting

for 87.4% of all larvae and 7%2.1% of all eggs taken during the
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fifteen months of sampling. Eggs and larvae of both the striped

anchovy, Anchoa hepsetus (Linnaeus) and the bay anchovy,

A, mitchilli (Valenciennes) were common in spring and summer
samples. A third type of anchovy egg, tentatively considered

as unidentified engraulid? and, possibly belonging to the Cuban
anchovy, A. cubana (Poey), was present in samples collected
between March and early October, 1976, A. mitchilli eggs and
larvae were the most commonly collected engraulid, and frequently,
were more numerous than the eggs and larvae of any other species.

A. hepsetus eggs were taken from early March through late
June, 1976, but were most numerous in late April and early May,
Striped anchovy larvae were collected from April through July
and reached peak densities in June and early July. The spawning
season observed at Big Bend during 1976 corresponds to the
April-July breeding season reported by Hildebrand and Cable
(1930) at Beaufort, North Carolina.

Seasonal distribution of A. mitchilli eggs and larvae is
illustrated in Figure 5.4. Eggs were first taken in early
March, 1976 and were collected regularly through late October,
1976. Peak densities occurred from April through July. The
lower numbers taken after July may represent a second spawning
by the same individuals or may reflect initial spawning by
a smaller number of late maturing females. Lack of detailed

fecundity information, particularly data concerning the stages
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of developing oocytes within the ovaries of maturing females,
makes further determination impossible. Larvae were collected
from late March through early November, Peak densities
occurred from April through October. Low numbers of larvae

in samples from June 22, 1976 and August 3, 1976 probably

reflect campling variability since the number of eggs taken
on these dates remained high., A. mitchilli eggs and larvae

were usually more numerous at open bay stations than near the

plant,

GOBIESOCIDAE - clingfishes
The clingfishes were represented in Big Bend ichthyoplankton

collections by larvae of one species, Gobiesox strumosus Cope,

the skilletfish, Eggs of this species are demersal and are
normally attached to shell fragments or other substrate

(Runyan, 1961) and were never taken in plankton collections.
Larvae were taken during most months, indicating that this
species has a protracted spawning season in the Big Bend area.
Seasonal distribution in the vicinity of the plant is illustrated
in Figure 5.5. Although mean numbers per lOOm3 were very low,

it appears that two spawning peaks occurred during 1976, the
first, larger peak from March through May, and the second much
smal ler peak from late August through December. Data from

early 1977 indicates that spawning again increased during March.
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It is obvious that any plant impact upon this species would be

greatest during the spring.

CARANGIDAE - jacks and pompanos
Carangid eggs were taken on all sampling dates between
April and early September. Three species of carangid eggs
were identified, although only one of these was verified to

species: Oligoplites saurus (Bloch and Schneider), leather-

jacket. Three species of carangid larvae were also present in
~samples collected between April and October including 0. saurus,

Chloroscombrus chrysura (Linnaeus), and an unidentified member

of the family. Figure 5.6 illustrates the seasonal distribution
of eggs and larvae of the carangids grouped as a family. Eggs
were most numerous on May 13, 1976, and there appears to be a
second, smaller peak during July. Inexplicably low numbers of
both eggs and larvae occurred on June 22 and August 3, 1976.

It is unknown whether these low numbers indicate a cessation

of spawning on these dates or whether they reflect sampling

variability.

POMADASY IDAE - grunts
This family was represented in Big Bend ichthyoplankton

by only one species, Orthopristis chrysoptera (Linnaeus), the

pigfish. Eggs of this species were not common, but were most

abundant in early April, 1976, It is possible that the eggs
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of this species, at least in the early stages of deve lopment,
were confused with sciaenid eggs. Larval pigfish were collected
on all sampling dates between early April and early October, 1976,
Peak densities occurred in early July, following a small neak

in late April and low numbers during May. Hildebrand and

Cable (1930) found that pigfish spawn between March and June

at Beaufort, with peak spawning occurring in May. Springer

and Woodburn (1960) did not capture ripe individuals during

their study, but suggested that the spawning season in Tampa

Bay parallels that at Beaufort, North Carolina. Because of

the similarity between 0. chrysoptera and Bairdiella chrysura

larvae, it is possible that some of our smaller specimens may
have been misidentified, which may partially explain this
discrepancy.

A majority of the pigfish larvae taken at Big Bend were

from stations near the plant rather than from open bay stations.

SPARIDAE - porgies

Larvae of two members of this family, Archosargus

probatocephalus (Walbaum) the sheepshead and Lagodon rhomboides

(Linnaeus), the pinfish, were present in ichthyoplankton
collections. Eggs, if taken, were not recognized,
Sheepshead larvae were initially identified from a size

series assembled from plankton catches. Our identification
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was confirmed by William Richards and Thomas Potthoff of the
Southeast Fisheries Center, NMFS, Miami. No descriptions of
this species were available at the time; however, larval stages
have recently been described by Mook (1977).

A. probatocephalus larvae were collected from early April

through early September. Peak densities occurred in late
April and early May. Mean number of individuals per 100m3 by
sampling date is illustrated in Figure 5.7. Springer and
Woodbufn (1960) attributed a spring spawning season to the
species., No growth progression has been obtained from our
data; however, small individuals (less than 2.5mm SL) were
taken through the middle of August, indicating that, spawning
was still occurring at that time.

Larval and early juvenile pinfish were collected only
during January and February in both 1976 and 1977. Springer
and Woodburn (1960) stated that this species spawns offshore
in the Gulf during late fall and early winter, and the young
move into Tampa Bay during the winter. Both Reid (1954) and
Kilby (1955) found this was also true at Cedar Key. Most of
the larvae taken at Big Bend were Iarger than 12,0mm SL
confirming that they were spawned several weeks earlier. Pinfish

were more numerous during 1977 than in 1976,
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SCIAENIDAE -~ drums

Sciaenid eggs and larvae, as a family, were the second
most abundant of all families collected during 1976, Only
anchovies comprised a larger portion of the total number of
eggs and larvae collected. Sciaenid eggs and larvae accounted
for 26.2% and 3.9%, respectively, of all eggs and larvae taken.

Sciaenids were represented by a larger number of species
(seven) than any other family. The seven species caught were:

Bairdiella chrysura (Lacepede), silver perch; Cynoscion

arenarius Ginsburg, sand seatrout; C. nebulosus (Cuvier),

spotted seatrout; Leiostomus xanthurus Lacepede, spot;

Menticirrhus americanus (Linnaeus), southern kingfish;

M. saxatilis (Bloch and Schneider), northern kingfish; and

Pogonias cromis (Linnaeus), black drum, Larval red drum,

Sciaenops ocellata (Linnaeus) (locally called redfish) were

not taken, or not recognized if taken,

The smaller eggs and larvae (smaller than 2,5mm SL) of
sciaenids presented special problems in identification. Due
to the similarity between many of the sciaenid species present

in the area during these early stages, identifications below

the family level may not always be accurate. In this report,
neither seasonality nor entrainment will be discussed in terms

of individual species. Instead, all species will be grouped

and discussed as a family,
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Several species of sciaenids, including the kingfishes,
spotted seatrout and biack drum are important commercial and
sport fishes in the Tampa Bay area. Recreational fishermen
frequently catch drums in the vicinity of the power plant,
Particularly during the late summer and in the fall,

Figure 5.8. shows the seasonal distribution of sciaenid
eggs and larvae during 1976 and early 1977. Both eggs and
larvae were present in relatively large numbers between early
March and early November, 1976, Eggs were always more numerous
than larvae, indicating a large amount of spawning was occurring
within the study area., Neither eggs nor larvae were collected
from late November, 1976 through January, 1977. Low numbers
of eggs and larvae were taken during February, and numbers

increased steadily through the final sampling date in March, 1977.

BLENNIIDAE -~ combtooth blennijes
Most of the blenny larvae collected were identified as

those of the feather blenny, Hypsoblennius hentzi (Lesueur).

Some of these larvae may be misidentified due to the similarity

of larval H. hentzi and another species common in Tampa Bay,

Chasmodes saburrae Jordan and Gilbert, the Florida blenny,
whose larvae are undescribed. Another species, H. ionthas
(Jordan and Gilbert), the freckled blenny, may also occur in

Tampa Bay. Because of this confusion, blennies will be discussed

as a fanily,
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Mean numbers of larvae per 100m* by date are shown in
Figure 5.9. Eggs, which are demersal, were never taken.
Larval blennies were taken on all sampling dates except late
February, 1977. Peak densities occurred from late April
through early June, 1976, A second, smaller peak was evident
from September through November, 1976, The number of larvae
collected remained low throughout the winter months (December,

1976 to February, 1977) but the spring increase was again

apparent in samples from March, 1977.

GOBIIDAE - gobies
Larval gobies are distinctive as a family and are easily
identified at this level. The larvae of the two species of
gobies which are common as adults in the Big Bend area,

Gobiosoma robustum Ginsburg, the code goby, and Microgobius

gulosus (Girard), the clown goby are undescribed, Other larvae
of species of these two genera have been described by Hildebrand
and Cable (1938); however, smaller larvae (less than 10mm SL)
remain difficult to identify. Size series of larvae obtained
from Big Bend ichthyoplankton collections verified the presence
of both G. robustum and M. gulosus in the samples, but each
genus is also represented by at least two other species in the
Tampa Bay area (Springer and Woodburn, 1960; Springer, 1961).

It is therefore possible that some of the smaller goby larvae
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obtained at Big Bend were incorrectly identified. Between |late
February and the end of October, 1976, numerous specimens

identified as ?Gobiosoma and ?Microgobius, both of which were

described in a previous report (Phillips, 1976c), were obtained
in plankton samples. |t was not possible to assemble a size
series for these larvae, because the largest individual
collected was only 5.2mm SL. Goby eggs, which are demersat,

were taken on only one occasion (March 3, 1976; plant discharge).

Seasonal data is presented in Figure 5,10. Gobies are
treated as a family because of the identification problems
discussed above. |t appears that three peaks of abundance
occurred during 1976, the first and largest in April. The
second and third peaks, approximately equal in intensity but
lower than the spring peak, occurred in late June through July,
and from September through October. These two peaks may not
actually be distinct, because the low number of larvae collected
on August 3 may reflect either an actual decline in the amount

of spawning or may reflect sampling variability.

SOLEIDAE ~ soles
Two species of soles were taken during routine ichthyo~
plankton sampling at Big Bend, viz., the lined sole Achirus

lineatus (Linnaeus), and the hogchoker, Trinectes maculatus

(Bloch and Schneider).
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Hogchoker larvae were never common, but were collected in
late April, during May, and again in July., A. lineatus larvae
were present in low numbers from |ate April through early
September, 1976, but no peaks in abundance were evident. As
with many other species, samples from June 22 and August 3
contained the fewest larvae during this period although the
reasons for this are not known, Houde, Futch, and Detwyler
(1970) used Tampa Bay larvae collected between May and November

1962 and 1963 to describe development in this species.
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Entrainment

Plant Operation

In order to calculate the numbers of eggs and larvae

entrained by thg_plqgg_during each month of the study, it is

necessary to know the volume of water which passed through the
plant during each month. Table 5.6 provides the number of

days per month that each unit was in operation (circulating
3 -1

pump operation days). A constant volume of 15.21m° sec

3

sec_l) was assumed for each of the three units, based

(537 ft
upon specifications outlined by Johnson (1977). A constant

3

volume of 25.2m sec! (83 Ft3sec-1) was assumed for the
dilution pump. Operational data for the plant circulating
pumps and for the dilution pump was provided by Tampa Electric

Company.

Calculations of Numbers Entrained

Estimated numbers of eggs and larvae entrained through the

plant were calculated from data collected at the plant discharge

(station 1-1). Data collected at the plant intake (station [-6)
was not used because of differences in sampling methodology.
Samples were collected at station |-1 directly within the
discharge flume. At station |-6, samples were collected in the
normal fashion, by an oblique tow in the vicinity of the intake

structure. Due to the nature of the two sampling methods,
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Table 5.6. Plant and thermal pump operational data between January,
1976, and March, 1977 indicating the number of days
each units were in operation.

PLANT
_ Total of Dilution
Month Unit 1 Unit 2 Unit 3 All 3 Units Pump
1976
January 2.00 29.16 * 31.16 6.83
February 0.00 27.58 * 27.58 0.00
March 0.44 30.51 * 30.95 15.33
April 12.28 29.75 * 42.03 27.00
May 30.11 5.00 22.54 57.65 28.50
June 28.70 0.00 28,12 56.82 23.00
July 30.24 - 21.95 26.83 79.05 31.00
August 27.62 29.47 18.57 75.66 28.00
September 25.26 27.51 28.69 81.46 20.83
October 29,89 30.88 25.45 86.22 31.00
November 24.45 24.25 18.33 67.03 15.33
December 28.62 30.87 28.98 88.47 31.00
Total 239.61 286.93 197.51 724.05 257.82
1977
January 29.41 25.95 27.73 83.09 27.83
February 27.69 25.93 15.04 68.66 22,83
March 30.20 30.67 0.00 60.87 26.83

KYs

* Not in Service
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it appears that the samples taken at the discharge (station I-1)
more accurately measure the ichthyoplankton entrainment through
the plant. Entrainment of the eggs and larvae of each species

collected was calculated according to the following formula:

E =po At A,
x X & —
n
Ex = estimated number of eggs or larvae entrained by
the plant during period x
P = amount of water pumped through one unit per day
(a constant equal to 1.314 x 106m3
0x = sum of the number of days each unit operated during

the number of individuals per m3 collected at the

>
It

plant discharge during the day during period x
An = the number of individuals per m3 collected at the
plant discharge during the night during period x

n = the number of sampling trips during period x (equal
to 2, 1 day + 1 night)

Each sampling date is used to represent the period of time
including one-half the number of days since the previous
sampling date and one-half the number of days until the next
sampling trip. For example, samples were collected on March 18,
April 14 and April 27. The April 14 sampling date represents

the period of time extending from April 1 through April 20.
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After EX was calculated for all of the time periods represented
by sampling dates, the entrainment figures were summed to yield

monthly entrainment figures. For example, the entrainment for

the month of March, 1976, is equal to ziés (entrainment for
February 3.5 - March 23.5) + E%L% (entrainment for March 23.5 -

April 20).

Estimated numbers of eggs and larvae entrained through
the dilution pump were calculated from data collected at the
pump intake (station 0-8) and the pump discharge (1-16). Since
the collection methods at these two points were similar, an
average of the qumbers of each species collected at the two
stations was used, Entrainment of the eggs and larvae of each

species collected was calculated according to the following

formula:
E =rD._ _°d " Bn
x x
n
R = amount of water pumped through the dilution pump

6
per day (a constant equal to 2.177 x 10 m3)
Dx = the number of days the dilution pump operated during
period x

B 3

4 = @n average of the number of individuals per m
collected at the dilution pump intake and discharge during

the day during period x
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Bn = an average of the number of individuals per m3
collected at the dilution pump intake and discharge during
the night during period x

= the number of sampling trips during period x (equal
to 2, 1 day + 1 night)

The dilution pumps stations (0-8 and 1-16) were not
sampled on several occasions due to construction or because
the pumps were not operating. The period of time represented
by certain sampling dates is, therefore, longer than was the
case with the plant discharge, (station I-1). The estimates

R
of dllutlon pump entralnment of eggs and Iarvae are, thereFore,

Iess accurate than the estcmates of plant entralnment The

period of time from January 16 - March 15, 1976 is not represented
by a sampling date. However, since the dilution pumps were not
operating during this period, entrainment of eggs and larvae

was equal to zero. To obtain the monthly entrainment figures,

the entrainment for the various periods of time represented

by each sampling date was summed as described for plant entrain-

ment,

Estimated Entrainment
The estimated numbers of eggs and larvae of each species

entrained monthly bytnﬂ1the dllutlon pump and the plant are pre-

_ == ——

sented in Appendlces 5C 1-30. Entrainment figures were calculated

5-48



for each species entrained. These figures must be used with
caution, They represent the best estimates possible from the
data collected, but are affected by sampling variability and
species identification problems. The high coefficients of
variation obtained for many species from the replicate tows
taken during April, 1977 provide an indication of the possible
sampling variability present throughout the study.

Diécussion of entrainment will be limited to the eggs and
larvae of a species of potential commercial importance,

Harengula jaguana, the scaled sardine; a species important as

a forage fish for other species in the area and which is also

the most abundant species collected, Anchoa mitchilli, the bay

anchovy; a family of importance as a sport fishery resource,

the sciaenidae; and monthly totals of all species}

(i) Assessment of Entrainment of Harengula jaguana

(scaled sardine)

The estimated numbers of scaled sardine eggs and larvae
entrained by the dilution pumps and by the Big Bend plant
between January, 1976 and March, 1977 are presented in
Tables 5.7 and 5.8.

Eggs and larvae of H. jaguana were present in the vicinity
of the plant and dilution pumps and susceptible to entrainment

only between April and July, 1976. The greatest number of eggs
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Table 5.7. Estimated number of Harengula jaguana eggs entrained by
, the Big Bend Plant and by the dilution pumps per month
between January, 1976, and March, 1977.

Number Entrained Number Entrained Total Number
Month _ by Plant by Dilution Pump Entrained
1976
January 0 0 0
February 0 0 0
March 0 0 0
April 1.719x10’ 3.983x10° 2.117x107
May 5,113x10° 8.232x10’ 5,936x10°
June 2.980x107 8.958x10° 3.876x107
July 4.186x10’ 4.923x107 9.109x10’
August 0 0 0
September 0 -0 0
QOctober 0 0 0
November 0 0 0
December 0 0 0
TOTAL 6.002x10° 1.445x10° 7.446x10°
1977
January 0 0
Februrary 0

March




Table 5.8. Estimated number of Harengula jaguana larvae entrained
by the Big Bend plant and by the dilution pumps per
month between January, 1976 and March, 1977.

# Entrained
# Entrained By Total #
Month By Plant Dilution Pump Entrained

1976
January
February
March
April 3.948 x 10
May 3.352 x 10
June 1.342 x 10
July 1.629 x 10
August

1.945 x 10
4.019 x 10
7.575 x 10
3.524 x 10

4.142 x 10
7.371 x 10
8.917 x 10
5.153 x 10

N o O™

September
October

November

c O O O O
O O O O O
o O O O O

December

Total 2.493 x 10

4.703 x 10 7.196 x 10/

1977
January
February

March
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were entrained by both the plant and the dilution pumps during
the month of May. Larvae were entrained in greatest numbers
at both locations during the ﬁonth of July. The number of eggs
entrained by both the plant and the dilution pump was greater
than the number of larvae entrained each month, Approximately
four times as many eggs were entrained by the plant than by
the dilution pumps. However, approximately twice as many
larvae were entrained by the dilution pumps than by the plant.
During 1976, a total of 7.466 x 108 eggs were estimated to be
entrained by both the dilution pump and the plant. A total of
7.196 x 107 larvae were estimated to be entrained through the
dilution pumps and the plant.

To assess the significance of the above entrainment
estimates, it is necessary to estimate the number of eggs
produced in the study area. This aspect is discussed in the

following sections.

Size of Study Area and Number of Scaled Sardine Eggs Spawned

Each open bay station was used to represent a portion of
the study area as shown in Figure 5.11. The area represented
by each station is given in Table 5.9.

Determinations of the areas represented by each station
were based upon known distances (in meters) between stations.

Areas presented in Table 5.9 were used in Equation (1) to
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Table 5.9. Area represented by each open bay
ichthyoplankton station.

Area Represented by Each Station

Station (m2 x 109)
A-5 3.399
B/C-5 3.885
E-5 3.885
B/C-8 2.266
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estimate the number of scaled sardine eggs spawned within the

study area on each sampling date.

Number of Scaled Sardine Eggs in Study Area

The total number of Harengula jaguana eggs spawned

within the study area during 1976 was calculated using
techniques similar to those outlined by Sette and Ahlstrom
(1948), Ahlstrom (1954, 1959) and Houde (1977).

The number of eggs collected at each station was used
to estimate the total number of eggs in the area represented
by each station. Areas represented by each station were
calculated in square meters and were determined by the per-
pendicular bisectors of lines from each station to the adjacent
station (except for station E-5 and B/C—8 where trapezoids
were formed by the shoreline). The number of eggs within

each area was determined from:

Cada
T = LA (1)
v
a
Where Ta = the estimated total number of eggs in the area

represented by station a.

c, = catch at station a.
da = depth, in meters, at station a.
vy T volume of water filtered at station a (cubic

meters).

A = Area in square meters represented by station a,
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The estimated number of eggs for the total study area

represented by each biweekly sampling is:

Tk = 2 Ta (2)

a=1
Where Tk — the estimated number of eggs spawned within the
study area on sampling date k.
n = the number of stations sampled on date k.

Ta = defined in Equation (1).

Estimated abundance of anchovy eggs within the study area

during 1976 is calculated from:

(7]
=~
=~

T == — (3)

Y i=1 dk

Where Ty = total estimated number of eggs spawned during
the year.

s = the number of sampling days on which the estimate
is based.

T. = defined in Equation (2).

Dk = the number of days represented by sampling date k,
equal to one half the days since the previous
sampling and one half the days until the next
sampl ing. .

dk = the duration (in days) of thie egg stage from

spawning until hatching.
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Variance estimates on the abundance of eggs for each
sampling date and for estimated total annual production were

not calculated.

Impact Assessment

To estimate the impact of entrainment of eggs of Harengula
jaguana by the plant and by the dilution pump, the number of
eggs estimated to have been entrained is compared to the
number of eggs estimated to have been produced within the
study area. This method yields a percentage of eggs destroyed
during the year as a result of the operation of the power plant
(assuming 100% mortality of eggs passing through the plant),

This method does not address the possible impact of
larval entrainment. Larval entrainment is more serious than
a comparable amount of egg entrainment, due to the extremely
high natural mortality rates between egg and early larval
stages. There is no suitable method to estimate the impact of
larval entrainment with the data available from the present
study.

Estimates of the total number of Harengula jaguana eggs

spawned in the study area on each sampling date are presented
in Table 5.10. A total of 3.320 x 1011 eggs was estimated to
have been produced during 1976 (April = July, 1976). The total
number of eggs entrained by the combined action of the plant

and the dilution pump was 7.446 x 108. The calculation:
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Table 5.10.

. Annual spawning estimate for Harengula jaguana within

the openQﬂéy portion of the study area (based on
stations B/C-8, A-5, B/C-5, and E=5) during 1976.
Includes dates on which eggs were collected.

Daily # Days Eggs Spawned
Spawning Represented By During Each
Date Estimate Each Sampling Sampl ing Period
April 14 4.707 x 10’ 20 9.414 x 10°
April 27 2.850 x 10° 14.5 4.133 x 107
May 13 8.173 x 10° 28 2.288 x 10%°
June 22 8.301 x 10° 27.5 2.283 x 10tt
July 7 6.378 x 10° 14 8,929 x 10°
July 4.948 x 10° 13.5 6,680 x 10°°
Total 3.320 x 1011
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# eggs entrained x 100% = % of eggs produced destroyed by
# eggs produced

entrainment.
This calculation yields an estimate that 0.22% of the scaled
sardine eggs in the study area were destroyed as a result of

entrainment resulting from plant operation during 1976.

(ii) Assessment of Entrainment of Anchoa mitchilli

(bay anchovy)

The estimated number of A, mitchilli eggs and larvae
entrained by the dilution pumps and by the plant between
January, 1976 and March, 1977 are presented in Tables 5.11
and 5.12,

Eggs or larvae were entrained by the dilution pumps and/or
the plant during all months except January and December, 1976
and January, 1977. The highest number of eggs were entrained
by both the dilution pump and by the plant during the month
of May. Entrainment of eggs during 1976 at both locations
increased steadily to a maximum point during May, then decreased
steadily until eggs were no longer present,., Entrainment of
eggs during 1976 was approximately equal at the dilution pumps
and the plant, resulting in a total of 5.795 x 1010 eggs

estimated to have been entrained during the year. The highest
number of larvae were entrained by the plant during the month

of August, and by the dilution pump during the month of May.
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Table 5.11,

Estimated number of Anchoa mitchilli eggs entrained
by the Big Bend plant and by the dilution pumps per
month between January, 1976 and March, 1977.

# Entrained
# Entrained By Total #
Month By Plant Dilution Pump Entrained
1976
January 0 0
February 2.582 x 107 2.582 x 107
March 2.398 x 105 3.757 x 107 3.997 x 10°
April 9.579 x 10°  7.245 x 10° 1.682 x 101°
May 1.350 x 101% 1,141 x 10'° 2,401 x 10!°
June 3.429 x 10°  3.168 x 10°  6.597 x 10°
July 1,673 x 10°  3.414 x 10° 5,087 x 10°
August 1,613 x 108 1.960 x 108 3.573 x 108
September 9,298 x 107 3.338 x 107 1.264 x 108
October 2.672 x 107 2,672 x 107
November 0
December
Total 2.873 x 1010 2,922 x 101 5.795 x 10%°
1977
January 0 0
February 1.306 x 105 1.306 x 105
March 1.362 x 10°  6.885 x 10°  2.050 x 10'°
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Table 5.12. Estimated number of Anchoa mitchilli larvae entrained
by the Big Bend plant and by the dilution pumps per
month between January, 1976 and March, 1977.

# Entrained

# Entrained By Total #
Month By Plant Dilution Pump Entrained
1976

January 0 0

February 0

March 1.949 x 10°  1.659 x 10° 1.661 x 10°

April 4.614 x 10°  3.044 x 107 7.658 x 10°

May 3.950 x 100  1.828 x 107 5.778 x 10°

June 9.439 x 10°  4.089 x 108 1.353 x 10°

July 4.197 x 10°  2.901 x 107 7.098 x 10°

August 5.934 x 107 5.426 x 10° 6.477 x 10°

September 2.902 x 107 2.103 x 10° 3.112 x 107

October 3.689 x 108 1.487 x 107 3.837 x 108

November 8343 x 105 1.447 x 106 2.281 x 106

December A 0 0
Total 2.291 x 101 1,061 x 10'® 3,352 x 10%°

1977

January

February

March 1.036 x 109 2.578 x 108 1.294 x 109
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A total of 3.352 x 1010 larvae were estimated to have been

entrained by both the plant and the dilutijon pump during 1976,

Impact Assessment

The total number of Anchoa mitchilli eggs spawned within

the study area was calculated using the method described for

Harengula jaguana eggs.

Estimates of the total number of A. mitchilli eggs spawned
on each sampling date and the number of days represented by
each date are presented in Table 5.13. Months during which
no anchovy eggs were collected (January, February and December,
1976) were omitted from the table. Daily spawning estimates
were derived from Equations (1) and (2).

The total number of anchovy eggs spawned during 1976 was
derived with Equation (3). A value of one was used for the
duration in days of the egg stage [denominator of Equation (3)]
based upon information given by Mansueti and Hardy (1967).

Based upon Big Bend ichthyoplankton catches, it is esti-

mated that 2,688 x 1012 A. mitchilli eggs were spawned in the

open bay portion of the study area during 1976,

A total of 5.795 x 1010 A. mitchilli eggs were estimated
to have been entrained during 1976 by the combined operation of
the dilution pump and the plant. The eggs entrained represent

only 2,16% of the total eggs estimated to occur in the open bay
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Table 5.13. Annual spawning estimate for A, mitchilli within
open bay portion of study area (based on stations
B/C-8, A-5, B/C=5, and E=5) during 1976. Includes
only dates on which eggs were collected.

Eggs Spawned
Daily Spawning Days Represented During each

Estimate By Ea;h Samplinglgeriod
Date (eggs x 107) Sampl ing (x 1077)
Feb. 18 0.0795 13 0.0103
Mar. 3 20.7327 14.5 3.0062
Mar. 18 48.0539 21 10.0913
Apr. 14 350.0635 20 70.1269
Apr. 27 162.9718 14.5 23.6309
May 13 38.7373 28 - 10.8465
June 22 190.0147 27.5 52.2540
July 7 359.7119 14 50.3597
July 20 50.9364 13.5 6.8764
Aug. 3 74.1741 14.5 10.7553
Aug. 18-19 37.5937 18 6.7669
Sept. 8 61,2089 18 11.0176
Sept.22 12,1789 14.5 1.7659
Oct. 7 80.8753 14 11.3225
Nov. 9 0.0051 16 0.0008
Nov. 22 0.0071 18.5 0.0013

Total 268.8327
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portion of the study area. |t does not appear that this level
of entrainment of anchovy eggs would have a significant effect
on the adult anchovy population in the study area.

Even though a considerable amount of data has been gathered
on this species as part of the ichthyoplankton program at Big
Bend, the population dynamics of Tampa Bay anchovies remain
relatively unknown. Gunter (1945), Reid (1954) and Kilby (1955)
suggested that this species primarily inhabited open bays in
Taxas and at Cedar Key. Past trawling studies at Big Bend
neither confirm nor deny this pattern in Tampa Bay; however,
large schools have been observed near open bay stations during
the spring and summer months. Ichthyoplankton collections
indicate that the majority of the spawning in this species does
occur at open bay stations, which limits the potential entrain-
ment of eggs. Data gathered as part of the adult fish surveys
at Big Bend suggest that juvenile anchovies move inshore
(where they are taken in seine hauls and on the travelling
screens) during the late fall, and remain there throughout the

winter months,

(iii) Entrainment of Sciaenidae - drums
Seven species of sciaenid larvae were recognized from
samples collected during the course of this study. Eggs were

less recognizable and were separated into three genera, plus
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a large number that could not be identified. Because of these
identification problems with the eggs and smaller larvae,
discussion of sciaenid eggs and larvae will be limited to a
treatment of the family as a whole. Entrainment of individual
species is listed for each month in Appendix 5C, but these
estimates are less reliable than those of other more readily
identifiable species.

The estimated numbers of sciaenid eggs and larvae entrained
by the dilution pumps and the plant between January, 1976 and
March, 1977 are presented in Tables 5.14 and 5.15,

Sciaenid eggs were entrained during all months except
January, 1976. Larvae were entrained during all months except
January, February, November and December, 1976. The highest
numbers of sciaenid eggs were entrained during the month of
April at both the dilution pump and the plant. The number of
eggs entrained during 1976 increased to a peak during the
month of April, then steadily decreased to a minimum during
the month of December. The highest number of larvae were
entrained by the plant during the month of April and by the
dilution pump Jduring the month of May. A total of 1,255 x 1011

eggs and 1,269 x 109 larvae were entrained during 1976 by both

the dilution pump and the plant.
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Table 5.14. Estimated number of Sciaenidae eggs entrained by
the Big Bend plant and by the dilution pumps per
month between January, 1976 and March, 1977.

# Entrained
Month ﬁyESTZ:Lned Dilutigﬁ Pump Ez:iliﬁed
1976
January 0 0 0
February 4.471 x 106 0 4.471 x 106
March 3.062 x 107 1.438 x 101°  1.441 x 10'°
Apri | 3.024 x 10°  2.661 x 101  5.685 x 1010
May 1.863 x 101®  2.028 x 101®  3.891 x 10!°
June 3.490 x 107 4.582 x 10° 8.072 x 10°
July ' 2.681 x 10° 3.468 x 107 6.149 x 107
August 4.316 x 108 1,601 x 108 5.917 x 108
September 1.854 x 108 3.272 x 107 2,181 x 108
October 1.779 x 107 0 1.779 x 107
November 9.646 x 10°  8.172 x 10% 1.046 x 10°
December 2,994 x 107 1,532 x 104 3.147 x 10°
Total 5.571 x 10°° 6,951 x 1010 1,252 x 101!
1977
January 0 3.581 x 104 3.581 x 104
February 1.648 x 106 3.979 x 106 5.627 x 106
March 5.587 x 107 3.856 x 107 9.443 x 107

5-66



Table 5- 15-

Estimated number of Sciaenidae larvae entrained by
the Big Bend plant and by the dilution pumps per
month between January, 1976 and March, 1977.

# Entrained

# Entrained

By

Total #

Month By Plant Dilution Pump Entrained
1976
January 0 0
February 0 0
March 2.784 x 105 8.110 x 107 8.137 X 107
April 1.837 x 100 1.530 x 108 3.367 x 10°
May 1.339 x 108 1.758 x 108 3.097 x 108
June 3.508 x 107 3.733 x 107 7.241 x 107
July 1.083 x 108 1.538 x 108 2.621 x 108
August 1.138 x 108 3.164 x 107 1.454 x 108
September 4.094 x 107 1.262 x 107 5356 x 107
October 5.852 x 106 1.792 x 106 7.644 x 106
November 0 0
December 0 0
Total 6.219 x 108 6.471 x 108 1.269 x 109
1977
January 2.437 x 106 3.581 x 104 2.473 x 106
February 1.171 x 106 1.909 x 105 1.362 x 106
March 7511 x 106 4.546 x 106 1.206 x 107

5-67



Impact Assessment

The number of sciaenid eggs produced within the study area
was not calculated for individual species. |t was not possible
to identify sciaenid eggs accurately enough to utilize this
method of estimating the number of eggs produced within the
study area during 1976. As a result, the impact of the
entrainment of sciaenid eggs can not be accurately assessed.

The assessment of the entrainment of sciaenid eggs as a
group would not be biologically valid due to possible differences

in spawning habits and population levels of the various species

in the study area.

(iv) Total Eggs and Larvae

The estimated total number of eggs and larvae of all
species entrained by the dilution pumps and the plant between
January, 1976 and March, 1977 are presented in Tables 5.16
and 5.17.

Eggs were entrained during every month except January, 1976,
Larvae were entrained during every month, The highest number
of eggs were entrained by both the dilution pump and by the
plant during the month of April. Entrainment of eggs during 1976
increased to a peak value during the month of April, then declined
monthly throughoﬁt the remainder of the year. Egg entrainment
remained at a high level from March - July. The highest number
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of larvae weré entrained by the plant during the month of
August, and by the dilution pump during the month of April,
Larval entrainment remained at a high level between March and
October. A total of 1,858 x 1011 eggs and 3.855 x 1010 | arvae
were entrained during 1976 by the combined operation of the

plant and the dilution pump,
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SUMMARY AND CONCLUSIONS

Larvae of forty-one species representing twenty-two
families were collected during Big Bend ichthyoplankton
studies. Eggs from twelve families were also collected.
Spawning occurred during all months between January,
1976 and March, 1977. Peak densities of both eggs

and larvae occurred during spring and summer months,

The least amount of spawning activity occurred during
winter months of both 1976 and 1977.

Eggs and larvae of the bay anchovy, Anchoa mitchilli,

were more abundant than any other species during the
spring and summer. Engraulids accounted for 73.1% of
all eggs and 87.4% of all larvae collected during the
fifteen months. The spawning season at Big Bend began
in early March, 1976 and continued through late

October, 1976,

Sciaenids, represented by seven species of larvae, were
second in abundance after the engraulids making up 26,2%
of all eggs and 3.9% of all larvae collected during the

study. Sciaenid eggs and larvae were present within

the study area between early March and early November, 1976,
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Larval clupeids, carangids, pomadasyids, sparids and
gobiids were also common in spring and summer samples,
although each family made up less than 3% of all larvae
col lected.

Winter samples were dominated by blenny and goby |arvae,
but numbers were usually low. Pinfish, menhaden, and
spot larvae migrated into the study area from spawning
grounds offshore during January and February of both

1976 and 1977.

It is estimated that a total of 1.858 x 1011 eggs and
3.855 x 1010 larvae were entrained by the plant during
1976. Egg entrainment occurred during all months except
January, 1976. Larvae were entrained during every month
of the study. The greatest amount of both egg and larval
entrainment occurred in April, 1976.

Total sciaenid entrainment (seven species) during 1976
was estimated to be 1.252 x 1011 and 1.269 x 109 for eggs
and larvae, respectively. The significance of this amount
of entrainment could not be evaluated due to the problems

encountered in identifying the individual species.

H. jaguana entrainment occurred during the months of

April through July, 1976. The estimated number of

entrained eggs was 7.446 x 108. Larval entrainment was
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10,

11,

12,

13.

estimated to be 7.196 x 107 individuals.

The number of H. Jaguana eggs entrained was estimated to
represent 0.22% of the eggs produced in the open bay
portion of the study area. |
Entrainment of A. mitchilli eggs occurred from February -
October, 1976 and in March, 1977. Larvae were entrained
from March - December, 1976 and in March, 1977. Estimated
numbers entrained during 1976 were 5.795 x 1010 eggs and
3.352 x 1010 larvae.

The number of A. mitchilli eggs entrained was estimated
to represent 2.16% of the eggs produced in the open bay
portion of the study area.

The impact of entrainment of larvae was not assessed due

to the absence of a suitable method.
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APPENDIX 5.C

Estimated Entrainment of Eggs and Larvae

by the Big Bend Plant and by the Dilution Pump
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Appendix 5C-1. Estimated Number of Larvae Entrained
During January, 1976.

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Clupe idae
Brevoortia patronus | 0 7.434 x 104 7.434 x 104
Gobiesocidae
Gobiesox strumosus 5.254 x 105 0 5.254 x 105
Atherinidae
Menidia beryllina 0 2.230 x 10° | 2,230 x 10°
Syngnathidae
Hippocampus erectus 0 3.717 x 104 3.717 x 104
Syngnathus floridae 4.358 x 105 0 4.358 x 105
Sparidae
Lagodon rhomboides 0 3.717 x 104 3.717 x 104
Blenniidae
Hypsoblennius hentzi 1.256 x 106 7.434 x 104 1.330 x 106
Gobi idae
Microgobius gulosus 0 1.487 x 105 1.487 x 105
TOTAL 2.217 x 106 5.940 x 105 2.811 x 106

Appendix 5C-2. Estimated Number of Eggs Entrained During
January, 1976.

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
TOTAL 0 0 0
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Appendix 5C-3. Estimated

Number of Larvae Entrained During

February, 1976.
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Gobiesocidae
Gobiesox strumosus 4.340 x 105 0 4.340 x 105
Syngnathidae
Syngnathus floridae 2.988 x 103 2.988 x 103
Syngnathus louisianae 5.816 x 104 5.816 x 104
Blenniidae
Hypsoblennius hentzi 1.626 x 106 0 1.626 x 106
Gobiidae
Gobiosoma robustum 9.012 x 105 0 9.012 x 105
6 : 6
TOTAL 3.022 x 10 0 3.022 x 10
}
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Appendix 5C-4. Estimated Number of Eggs Entrained During

February, 1976.
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Engraul idae
Anchoa hepsetus 5.816 x 10% 5.816 x 10%
Anchoa mitchilli 2.582 107 2.582 x 107
Sciaenidae
Unidentified 4.471 106 0 4.471 x 106
Gobi idae
Gobiosoma robustum 8.724 104 0 8.724 x 104
Soleidae
Achirus |ineatus 2.908 104 2.908 x 104
Unidentified 2.282 105 2.282 x 105
TOTAL 3.069 107 0 3.069 x 107
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Appendix 5C-5. Estimated Number of larvae Entrained During
March, 1976.

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Clupeidae _ _

Brevoortia sp. 8.353 x 105 0 8.353 105
Engraul idae

Anchoa hepsetus 0 5.275 x 106 5.275 106

Anchoa mitchilli 1.949 x 106 1.659 x 109 1.661 109
Gobiesocidae

Gobiesox strumosus 2,123 x 106 1.358 x 106 3.481 106
Atherinidae

Menidia beryllina 8.353 x 105 1.478 x 107 1.562 107
Syngnathidae

Hippocampus erectus 2.784 x 105 2.784 105

Syngnathus louisianae 1.292 x 105 1.292 105
Carangidae

Oligoplites saurus 0 1.119 x 106 1.119 106
Pomadasyidae

Orthopristis chrysoptera 0 4.171 x 107 4.161 107
Sparidae

Archosargus probatocephalus 0 1,518 x 107 1.518 107
Sciaenidae

Bairdiella chrysura 2.784 X 105 7.015 x 107 7.043 107

Cynoscion arenarius 0.427 x 106 9.427 106

Menticirrhus saxatilis 1.518 x 106 1.581 106
Blenniidae

Chasmodes sp.? 0 3.916 x 106 3.916 106

Hypsoblennius hentzi 1.408 x 107 1.302 x 107 2.710 107
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Appendix 5C-5.

Continued.

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Gobiidae
Gobiosoma robustum 3.263 x 107 2.333 x 107 5.596 x 107
Gobiosoma sp.? 0 3.116 x 106 3.116 x 106
Microgobius gulosus 2.784 x 105 | 3.995 x 10 3.184 x 10°
Microgobius sp.”? 0 5.275 x 106 5.275 x 106
Triglidae ‘
Prionotus sp. 0 1.358 x 106 1.358 x 106
Soleidae
Achirus lineatus 2.477 x 106 2.477 x 106
Unidentified 8.787 x 105 8.787 x 10
TOTAL 5.342 x 107 | 1.873 x 10° 1.926 x 10°
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Appendix 5C-6. Estimated Number of Eggs Entrained During
March, 1976,

# Entrained

# Entrained

By

Total #

Species By Plant Dilution Pump Entrained

Engraul idae

Anchoa hepsetus 1.292 x 10° | 5.433 x 10° 5.562 x 10°

Anchoa mitchilli 2,398 x 108 3.757 x 10° 3.997 x 109

Unidentified 0 5.595 x 105 5.595 x 105
Cyprinodontidae

Unidentified 0 5.674 x 106 5.674 x 106
Carangidae

Oligoplites saurus 0 9.988 x 106 9.988 x 106

Unidentified sp. A 8.629 x 106 8.629 x 106
Pomadasyidae

Orthopristis chrysoptera 0 6.393 x 105 6.393 x 105
Sciaenidae

Bairdiella chrysura 0 1.157 x 101% | 1,157 x 10°

Cynoscion sp. 2,227 x 107 7.090 x 108 i 7.313 x 108

Menticirrhus sp. 2.784 x 10° | 1.039 x 10° 1,317 x 10°

Unidentified 8.076 x 10° | 2,103 x 10% | 2.111 x 10°
Gob i idae

Gobiosoma robustum 2,811 x 105 0 2.811 x 105
Triglidae

Prionotus sp. 0 1.758 x 106 1.758 x 106
Soleidae

Achirus lineatus 6.461 x 104 1.758 x 106 1.822 x 106
TOTAL 2,709 x 10° | 1.817 x 1010 | 1.845 x 1010

i
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Appendix 5C-7. Estimated Number of Larvae Entrained During

April, 1976.
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Clupeidae

Harengula jaguana 3.948 x 106 1.945 x 105 4.142 x 106

Unidentified 0 4.322 x 104 4.322 x 10%
Engraul idae

Anchoa hepsetus 0 9.395 x 106 9.395 x 106

Anchoa mitchilli 4.614 x 100 3.044 x 10°  7.658 x 10°
Gobiesocidae

Gobiesox strumosus 4.137 x 106 2.420 x 106 6.557 x 106
Atherinidae

Menidia beryllina 3,397 x 100 2.652 x 107 2.991 x 107
Carangidae

Chloroscombrus chrysurus 1.610 x 107 2.427 x 106 1.853 x 107

Oligoplites saurus 6.117 x 106 2.425 x 106 8.542 x 106
Pomadasy i dae

Orthopristis chrysoptera 2.918 x 107 7.844 x 107 1,076 x 108
Sparidae

Archosargus probatocephalus 1,106 x 108 3.984 x 107 1.504 x 108
Sciaenidae

Bairdiel la chrysura 1.155 x 108 1.275 x 108 2.430 x 108

Cynoscion arenarius 5.107 x 107 1.896 x 107 7.003 x 107

Cynoscion nebulosus 1.046 x 106 2.233 x 105 1.269 x 106

Menticirrhus americanus 2.323 x 105 0 2.323 x 105

Menticirrhus saxatilis 8.366 x 106 4.209 x 106 1.258 x 107

Pogonias chromis 7.510 x 106 6.481 x 104 7.575 x 106

Unidentified 0 2.039 x 106 2,039 x 106
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Appendix 5C-7. Continued.

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Blenniidae

Chasmodes sp,? 0 7.039 x 106 7.039 x 106

Hypsoblennius hentzi 1.007 x 107 2.410 x 107  3.417 x 10’
Gobi idae

Gobiosoma robustum 1.687 x 108 4.250 x 107 2,112 x 108

Gobiosoma sp,? 1.046 x 106 5.550 x 106 6.596 x 106

Microgobius gulosus 3.484 x 10? 7.115 x 104 3.555 x 106

Microgobius sp.? 1.804 x 10°  9.828 x 10°  2.787 x 107
Triglidae

Prionotus sp. 6.155 x 106 2,938 x 106 9.093 x 106
Soleidae

Achirus lineatus 8.324 x 106 4.563 x 106 1.289 x 107

Trinectes maculatus 0 1.657 x 10° 1.657 x 105
Tetraodontidae

Sphoeroides sp,? 1.046 x 106 0 1.046 x 106
Unidentified 4.623 x 107 2.293 x 106 4.852 x 107
TOTAL 5.234 x 107 3.458 x 107 8.692 x 10°
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Appendix 5C-8. Estimated Number of Eggs Entrained During
April, 1976.

Species

# Entrained
By Plant

# Entrained

By

Dilution Pump

Total #

Entrained

C lupe idae
" Harengula jaguana

Unidentified

Engraul idae
Anchoa hepsetus
Anchoa mitchilli

Unidentified

Belonidae

Strongylura notata

Cyprinodontidae
Unidentified
Carangidae

Oligoplites saurus

Unidentified sp. A

Pomadasyidae

Orthopristis chrysoptera

Sciaenidae

Bairdiella chrysura

Cynoscion sp.
Menticirrhus sp.

Unidentified

Ephippidae

Chaetodipterus faber

Triglidae

Prionotus sp.

1.719 x 10

4.437 x 10
9.579 x 107

1.394 x 10

7.410 x 10
7.510 x 10

2,169 x 10
2.852 x 10
5.427 x 10
3.171 x 10
1.666 x 10°

1.719 x 10

5,762 x 10

5-101

3.983 x
7-924 X

9.850 x
7.245 x
2.812 x
6.481 x

1.011 x

1.779 x
1.908 x

1.139 x
2.098 x
1.269 x

2.268 x
4.355 x

3.477 x

10°
104

10
10
10

10
10

10
10

10

1010
10
10
109

2.117
7.924

1.429
1.682
2,812
6.481

1.150

9.189
2.659

3.308
4.950
1.323

5.439
6.021

1.719

9.239

10
10

-~ N

10
10
10

10

10

10
107

10

1010
10
10
109
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Appendix 5C-8. Continued.

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Soleidae
Achirus |l ineatus 8.905 x 106 4.521 x 106 1.343 x 107
Unidentified 2.169 x 10°  1.225 x 105 2.291 x 10°
TOTAL 3.996 x 10°0 3,305 x 1019 7.301 x 10!°
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Appendix 5C-9. Estimated Number of Larvae Entrained During

May, 1976,
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Clupeidae

Harengula jaguana 3.352 x 106 4.019 x 106 7.371 x 106

Unidentified 0 8.933 x 105 8.933 x 105
Entraul i dae

Anchoa mitchilli 3.950 x 107 1.828 x 107  5.778 x 10°
Gobiesocidae
" Gobiesox strumosus 3.615 x 106 0 3.615 x 106
Atherinidae

Menidia beryllina 1.354 x 10/ 3.870 x 10®  1.741 x 107
Carangidae

Chloroscombrus chrysurus 7.482 x 107 5.017 x 107 1.250 x 108

Oligoplites saurus 7.131 x 106 8.933 x 106 1.606 x 107
Pomadasyidae

Orthopristis chrysoptera 4.509 x 107 8.575 x 107 1.308 x 108
Sparidae

Archosargus probatocephalus 1.205 x 108 2.645 x 108 3.850 x 108
Sciaenidae

Bairdiella chrysura 6.738 x 107 5.181 x 107 1,192 x 108

Cynoscion arenarius 5.753 x 107 4.481 x 107 1.023 x 108

Cynoscion nebulosus 4.705 x 105 4.615 x 106 5.086 x 106

Menticirrhus americanus 1.045 x 105 0 1.045 x 105

Menticirrhus saxatilis 8.394 x 106 3.111 x 107 3.950 x 107

Pogonias chromis 1.339 x 106 1.339 x 106

Unidentified 4.213 x 10/ 4.213 x 107
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Appendix 5C-9. Continued.

# Entrained

# Entrained By Total #
Species By Plant Dilution Pump Entrained
Blenniidae
Chasmodes sp.? 6.298 x 105 1.339 x 106 1.969 x 106
Hypsoblennius hentzi 8.185 x 106 1,861 x 107 2.679 x 107
Gobiidae
Gobiosoma robustum 8.991 x 107 1,936 x 107 1.093 x 108
Gobiosoma sp.? 4.705 x 105 4.705 x 105
Microgobius gulosus 1.568 x 106 1.568 x 106
Microgobius sp.? 1.163 x 107 8.933 x 106 2,056 x 107
Triglidae
Prionotus sp. 5.920 x 106 1.072 x 107 1.664 x 107
Soleidae
Achirus lineatus 4.974 x 106 3.126 x 106 8.100 x 106
Trinectes maculatus 0 3.424 x 106 3.424 x 106
Tetraodontidae
Sphoeroides sp.? 4.705 x 105 0 4.705 x 105
Unidentified 0 1.503 x 107 1.503 x 107
TOTAL 4.476 x 10° 2.502 x 10° 6.949 x 10°
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Appendix 5C-10. Estimated Number of Eggs Entrained During

May, 1976,
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Clupeidae

Harengula jaguana 5.113 x 108 8.232 x 107 5.936 x 108

Unidentified 0 1.638 x 100 1,638 x 106
Engraul idae

Anchoa hepsetus 9.549 x 106 3.573 x 106 1.312 x 107

Anchoa mitchilli 1.350 x 1019 1,141 x 1010 2,491 x 1010

Unidentified 7.244 x 107 5.605 x 108 6,329 x 108
Belonidae

Strongylura notata 0 1,339 x 106 1.339 x 106
Cyprinodontidae

Unidentified 6.272 x 107 6.272 x 103
Carangidae

Oligoplites saurus 2.801 x 107 2.801 x 107

Unidentified sp. A 1.758 x 108 7.667 x 107 2,525 x 108
Sciaenidae

Bairdiella chrysura 1.831 x 1010 7.586 x 109 2,590 x 1010

Cynoscion sp, 3.080 x 108 1.193 x 108 4.273 x 108

Menticirrhus sp. 6.298 x 106 8.634 x 106 1.493 x 107

Unidentified 8.100 x 10% 1,257 x 1010 1,258 x 1010
Triglidae

Prionotus sp. 1.222 x 107 7.145 x 10 1,937 x 107
Soleidae

Achirus lineatus 9.330 x 106 2.873 x 107 3.806 x 107
Unidentified 0 2.531 x 10 2,531 x 106
TOTAL 3.295 x 10'0 3,246 x 1010  6.541 x 1010
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Appendix 5C-11, Estimated Number of Larvae Entrained During
June, 1976,

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Clupeidae

Harengula _jaguana 1.342 x 106 7.575 x 106 8.917 x 106

Unidentified 0 4.322 x 104 4.322 x 10%
Engraul idae

Anchoa hepsetus 0 3.102 x 10°  3.102 x 10°

Anchoa mitchilli 9.439 x 108 4.089 x 108 1.353 x 109
Gobiesocidae

Gobiesox strumosus 2,153 x 105 0 2.153 x 10S
Atherinidae

Membras martinica 7.550 x 104 2.286 x 10°  3.041 x 10°

Menidia beryllina 1,772 x 106 2,701 x 106 4.473 x 106
Syngnathidae X

Syngnathus louisianae 0 2.721 x 104 2.721 x 104
Carangidae

Chloroscombrus chrysurus 5.345 x 106 6.183 x 106 1.153 x 107

Oligoplites saurus 9.371 x 105 1.809 x 106 2.746 x 106
Pomadasyidae

Orthopristis chrysoptera 2.716 x 107 5.432 x 107 8.148 x 107
Sparidae

Archosargus probatocephalus 9,890 x 100 1.751 x 107  2.740 x 107
Sciaenidae

Bairdiella chrysura 1,115 x 107 1.425 x 10/ 2,540 x 107

Cynoscion arenarius 1.921 x 107 8.765 x 106 2.798 x 107

Cynoscion nebulosus 0 2.233 x 105 2.233 x 105

Menticirrhus saxatilis 4.534 x 106 1.041 x 107 1.495 x 107

Pogonias chromis 1,811 x 105 1.343 x 106 1.525 x 106

Unidentified 0 2.343 x 106 2.343 x 106
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Appendix 5C-11, Continued.

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Blenniidae
Chasmodes sp.? 2,646 x 100 6.481 x 10% 2,711 % 10°
Hypsoblennius hentzi 2.932 x 106 1.847 x 106 4.779 x 106
Gobiidae
Gobiosoma robustum 1.162 x 105 5.512 x 107 1.713 x 10°
Gobiosoma sp.? 2.114 x 10° 0 2.114 x 10°
Microgobius gulosus 1.359 x 106 2.939 105 1.653 x 106
Microgobius sp.? 5.757 x 106 4.841 105 6.241 x 106
Triglidae
Prionotus sp. 3.211 x 106 2.010 106 5.221 x 106
Soleidae
Achirus lineatus 2,131 x 106 2,764 105 2,407 x 106
Trinectes maculatus 4.680 x 105 9.276 105 1.396 x 106
Unidentified 1.359 x 10°  8.526 x 10°  9.885 x 10°
TOTAL 1.161 x 10 5.926 x 10°  1.754 x 10°
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Appendix 5C-12. Estimated Number of Eggs Entrained During
June, 1976.

-

.# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Clupeidae

Harengula jaguana 2.980 x 107 8.958 106 3.876 x 107

Unidentified 0 7.924 x 10%  7.924 x 104
Engraul idae

Anchoa hepsetus 4.813 x 105 1.729 10° 6.542 x 10°

Anchoa mitchilli 3.429 x 109 3.168 109 6.597 x 109

Unidentified 9.906 x 107 3.462 » 108 4.453 x 108
Ephippidae

Chaetodipterus faber 0 2.721 x 104 2.721 x 10%
Belonidae

Strongylura notata 0 6.481 104 6.481 x 104
Carangidae

Oligoplites saurus 0 4.354 104 4.354 x 104

Unidentified sp. A 1,126 x 10/  1.081 x 10’ 2,207 x 10’
Pomadasyidae

Orthopristis chrysoptera 3.153 x 106 0 3.153 x 106
Sciaenidae

Bairdiella chrysura 3.425 x 109 3.744 109 7.169 x 109

Cynoscion sp. 6.020 x 107 7.256 107 1.328 x 108

Menticirrhus sp. 3.314 x 106 5.970 106 9.284 x 106

Unidentified 1.570 x 106 7.590 108 7.606 x 108
Triglidae

Prionotus sp. 6.123 x 106 1.064 106 7.187 x 106
Soleidae

Achirus lineatus 2.254 x 107 8.748 x 106 3.129 x 107
Unidentified 0 1.660 x 10°  1.660 x 10
TOTAL 7.092 x 107 8.126 x 10°  1.522 x 10'°
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Appendix 5C-13. Estimated Number of Larvae Entrained During

July, 1976.
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Clupeidae

Harenoula jaguana 1.629 x 107 3.524 x 107 5.153 x 107
Engraul idae

Anchoa hepsetus 0 4.033 x 10°  4.033 x 10°

Anchoa mitchillj 4.197 x 100  2.901 x 10°  7.098 x 10°
Gobiesocidae

Gobiesox strumosus 1.177 x 106 0 1.177 x 106
Atherinidae

Membras martinica 9,815 x 105 2.971 x 106 3.953 x 106
Syngnathidae

Syngnathus louisianae 0 3.538 x 105 3.538 x 105
Carangidae

Chloroscombrus chrysurus 2.842 x 107 3.395 x 107 6.237 x 107

Oligoplites saurus 8.756 x 10°  1.003 x 10’  1.879 x 10’
Pomadasyidae '

Orthopristis chrysoptera 3.202 x 108 2,031 x 108 5.233 x 108
Sparidae

Archosargus probatocephalus 1.469 x 107 7.968 x 106 2.266 x 107
Sciaenidae

Bairdiella chrysura 4.318 x 107 2,993 x 107 7.311 x 107

Cynoscion arenarius 1.509 x 107 7.025 x 107 8.534 x'107

Cynoscion nebulosus 3.420 x 105 4.409 x 105 7.829 x 105

Menticirrhus saxatilis  4.736 x 10/ 4,533 x 10’  9.269 x 10

Pogonias chromis 2.355 x 106 2.751 x 106 5.086 x 106

Unidentified 0 5.064 x 106 5.064 x 106
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Appendix 5C-13. Continued.

Species
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By Plant

L

—
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Dilution Pump

Total #

Entrained

Ephippidae

Chaetodipterus faber
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Gobjiosoma robustum

Gobiosoma sp.?
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Microgobius sp.?

Triglidae
Prionotus sp.
Soleidae

Achirus |ineatus
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Cynoglossidae
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Unidentified

TOTAL
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Appendix 5C-14. Estimated Number of Eggs Entrained During

July, 1976,
. # Entrained
Species #BEnETZ;:ed Dilut?Zn Pump EIE:::nfd

Clupeidae

Harengula jaguana 4.186 x 107 4.923 x 107 9.109 x 107
Engraul idae

Anchoa mitchilli 1.673 x 10°  3.414 x 10°  5.087 x 10°

Unidentified 7.458 x 106 1.847 x 107 2.593 x 107
Ephippidae

Chaetodipterus faber 0 3.538 x 105 3.538 x 105
Carangidae

Oligoplites saurus 0 5.661 x 105 5.661 x 105

Unidentified sp. A 1.848 x 107 6.957 x 107 9.390 x 107
Pomadasy idae

Orthopristis chrysoptera 4.907 x 106 0 4.907 x 106
Sciaenidae

Bairdiella chrysura 2.380 x 109 1.927 x 109 2.165 x 109

Cynoscion sp. 1.126 x 108 1.179 x 108 2.499 x 108

Menticirrhus sp. 8.056 x 107 9.293 x 107 1.735 x 108

Unidentified 1.082 x 108 1.330 x 109 1.439 x 109
Soleidae

Achirus lineatus 1.523 x 107 8.490 x 106 2.372 x 107
Unidentified 0 5.661 x 105 5.661 x 105
TOTAL 4.442 x 109 7.029 x 109 1.147 x 1010
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Appendix 5C-15, Estimated Number of Larvae Entrained During

August, 1976,
- e — :
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Engraul idae

Anchoa mitchilli 5.934 x 10° 5,426 x 100 6.477 x 10°
Gobiesocidae | ' : :

Gobiesox strumosus 3,128 x 105 3.266 x 104 3.450 x 105
Atherinidae

Membras martinica 0 6.286 x 10°  6.286 x 10°
Syngnathidae | .

Syngnathus louisianae 8.011 x 105 0 8.011 x 105
Carangidae

Chloroscombrus chrysurus 4,071 x 107 1,841 x 107 5.912 x 107

Oligoplites saurus 5.604 x 106 3.129 x 105 5.917 x 106
Pomadasyidae

Orthopristis chrysoptera 1.201 x 107 7.102 x 106 1.911 x 107
Sparidae ”

Archosargus probatocephalu_s 1.335 x 196 2,367 x 105 1.572 x 106
Sciaenidae :

Bairdiella chrysura 0 6.286 x 105 6.286 x 105

Cynoscion arenarius 1,545 x 107 6.599 x 106 - 2.205 xA107

Cynoscion nebulosus 3.468 x 106 2.147 x 106 5.615 x 106

Menticirrhus saxatilis 9.146 x 107 2,164 x 107 1.131 x 108

Pogonias chromis 0 6.286 x 105 6.286 x 105

Unidentified 3.471 x 106 0 3.471 x 106
Cyprinodontidae

Fundulus grandis 0 2.286 x 105 2.286 x 105
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Appendix 5C-15. Continued.

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Blenniidae
Chasmodes sp.? 2.670 x 10°  4.354 x 10% 2,714 x 10°
Hypsoblennius hentzi 4.009 x 10°  4.100 x 105 4.420 x 10°
Gobi idae
Gobiosoma robustum 9.725 x 10°  5.960 x 10°  1.032 x 107
Microgobius gulosus 1.243 x 108 2.045 x 107 1.448 x 108
Microgobius sp.? 5.839 x 106 3.535 x 106 9.374 x 106
Unidentified 0 5.443 x 104 5.443 x 10%
Triglidae
Prionotus sp. 3.471 x 106 3.266 x 104 3.504 x 106
Soleidae
Achirus |ineatus 2,598 x 107 2,566 x 106 2,855 x 107
Cynoglossidae
Symphurus plagiusa 0 5.388 x 105 5.388 x 105
Unidentified 5.872 x 106 3.050 x 106 8.922 x 106
TOTAL 6.200 x 107 6.325 x 10°  6.923 x 10°
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Appendix 5C-16. Estimated Number of Eggs Entrained During
August, 1976,

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Engraul idae
Anchoa mitchilli 1.613 x 108 1.960 x 108 3.573 x 108
Atherinidae
Unidentified 0 3.266 x 10%  3.266 x 10%
Carangidae
Unidentified sp. A 6.943 x.106 3.510 x.‘106 1.045 x 107
Sciaenidae _
Cynoscion sp. 2.523 x 107 1.235 x 107 3.758 x 107
Menticirrhus sp. 3.152 x 108 7.799 x 106 3.230 x 108
Unidentified 9.112 x 107 1.400 x 108 2.311 x 108
Triglidae o
Prionotus sp. 0 2,694 x 105 2.694 x 105
Soleidae
Achirus lineatus 5.380 x 10° 0 5.380 x 10°
TOTAL 6.052 x 10°  3.599 x 10°  9.652 x 10°
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Appendix 5C-17. Estimated Number of Larvae Entrained During
September, 1976,

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Engraul idae

Anchoa mitchilli 2,902 x 10° - 2.103 x 10°  3.112 x 10
Gobiesocidae

Gobiesox strumosus 1.874 x 106 1.959 x 105 2,070 x 106
Carangidae

Chloroscombrus chrysurus 1,394 x 107 7.184 x 106 2,112 x 107

Qligoplites saurus 3.013 x 106 2,613 x 105 3.274 x 106
Pomadasyidae

Orthopristis chrysoptera 2,601 x 104 5.878 x 105 6.138 x 105
Sparidae

Archosargus probatocephalus 0 3.919 x 105 3.919 x 105
Sciaenidae

Bairdiella chrysura 2,601 x 104 0 2.601 x 104

Cynoscion arenarius 6.786 x 106 2.613 x 105 7.047 x 106

Cynoscion nebulosus 5.403 x 106 0 5.403 x 106

Menticirrhus saxatilis 2.872 x 107 1.236 x 107 4.108 x 107
Blenniidae

Chasmodes sp.? 0 2,613 x 105 2.613 x 105

Hypsoblennius hentzi 2,140 x 107 1.611 x 10°  2.301 x 107
Gobi idae

Gibiosoma robustum 4.824 x 107 2,547 x 10 5.079 x 107

Microgobius gulosus 3.627 x 108 4.580 x 107 4.085 x 108

Microgobius sp.? 2.455 x 107 7.946 x 106 3.250 x 107

Unidentified 0 3.266 x 10°  3.266 x 10°
Triglidae

Prionotus sp. 0 1.959 x 105 1.959 x 105

5-115



Appendix 5C-17,.

Continued.

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Soleidae
Achirus lineatus 1.502 x 107 2.395 x 106 1.741 x 107
Unidentified 0 1.284 x 106 1,284 x 106
TOTAL 3.434 x 107  2.939 x 10°  3.728 x 10°
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Appendix 5C-18. Estimated Number of Eggs E

September, 1976.

ntrained During

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Engraul idae

Anchoa mitchilli 9.298 x 107 3.338 x 107 1,264 x 108
Atherinidae

Menidia beryllina? 0 1,959 x 10°  1.959 x 107
Carangidae

Unidentified sp. A 0 5.878 x 10°  5.878 x 10°
Sciaenidae

Cynoscion sp. 2.676 x 106 1.371 x 106 4.047 x 106

Menticirrhus sp. 1.078 x 107 2.221 x 106 1.300 x 107

Unidentified 1.719 x 105 2.913 x 107  2.010 x 10°
Soleidae

Achirus lineatus 1.926 x 106 0 1.926 x 106

-~ TOTAL 2.803 x 10°  6.689 x 10’  3.472 x 10°
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Appendix 5C-19, Estimated Number of Larvae Entraijned During

October, 1976,
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Engraulidae

Anchoa mitchilli 3.689 108 1.487 x 107 3.837 x 108
Gobiesocidae

Gobiesox strumosus 1.935 106 0 1.935 x 106
Pomadasyidae

Orthopristis chrysoptera 7.023 105 0 7.023 x 105
Sciaenidae

Cynoscion arenarius 7.023 105 0 7.023 x 105

Menticirrhus saxatilis 5.150 106 1.792 x 106 6.942 x 106
Blenniidae

Chasmodes sp.? 2.544 106 2,317 x 105 2.776 x 106

Hypsoblennius hentzi 8.210 106 3.227 x 106 1.144 x 107
Gobiidae

Gobiosoma robustum 2.325 107 8.113 x 105 2.406 x 10.7

Microgobius gulosus 1.989 108 8.858 x 10(J 2.078 x 108

Microgobius sp.? 6.140 106 1.283 x 106 7.423 x 106
Soleidae

Achirus lineatus 7.023 105 1.025 x 106 1.728 x 106
Unidentified 1.908 106 5.619 x 105 2,470 x 106
TOTAL 6.101 108 3.266 x 107 6.517 x 108
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Appendix 5C-20,

Estimated Number of Eggs Entrained During

October, 1976,

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Engraul idae
Anchoa mitchilli 2.672 x 10’ 0 2.672 x 10’
Sciaenidae
Menticirrhus sp. 7.023 x 10° 7.023 x 10°
Unidentified 1.709 x 107 1.709 x 107
Soleidae
Achirus lineatus 1,405 x 106 0 1.405 x 106
TOTAL 4.592 x 107 0 4.592 x 107
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Appendix 5C-21. Estimated Number of Larvae Entrained During

November, 1976.
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Engraul idae

Anchoa mitchilli 8.343 x 105 1.447 x 106 2,281 x 106
Gobiesocidae

Gobiesox strumosus 1.864 x 106 0 1.864 x 106
Atherinidae

Membras martinica 9.646 x 105 1.308 x 106 2.272 x 106
Syngnathidae

Syngnathus floridae 1.635 x 105 1.635 x 105

Syngnathus sp. 1.635 x 105 1.635 x 105
Blenniidae

Chasmodes sp.? 0 5.675 x 104 5.675 x 104

Hypsoblennius hentzi 5.475 x 106 8.728 x 105 6.348 x 106
Gobiidae

Gobiosoma robustum 7.235 x 105 1.987 x 105 9.222 x 105

Microgobius gulosus 3.259 x 106 1.500 x 106 4.759 x 106

Microgobius sp. 0 1.987 x 105 1.987 x 105
Soleidae

Achirus lineatus 1.702 x 105 1.702 x 105
Unidentified 5.675 x 104 5.675 x 104
TOTAL 1.312 x 107 6.136 x 106 1.926 x 107
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Appendix 5C-22. Estimated Number of Eggs Entrained During
November, 1976,

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Sciaenidae
Unidentified 9.646 x 105 8.172 x 104 1.046 x 106
5 4 6
TOTAL 9,646 x 10 8.172 x 10 1.046 x 10
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Appendix 5C-23. Estimated Number of Larvae Entrained During

December, 1976,
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Clupeidae

Brevoortia smithi? 0 2.340 x 105 2.340 x 105
Gobiesocidae

Gobiesox strumosus 4.491 x 105 2.340 x 105 6.831 x 105
Atherinidae

Membras martinica 2.994 x 10°  5.962 x 10°  8.956 x 10°
Syngnathidae

Syngnathus floridae 2,646 x 105 2.646 x 105

Syngnathus sp. 3.065 x 10% 3,065 x 10%
Sparidae

Lagodon rhomboides 0 1.335 x 105 1.335 x 105
Blenniidae

Hypsoblennius hentzi 5.987 x 105 4.987 x 105 1.097 x 106
Gobiidae

GCobiosoma robustum 2.245 x 105 0 2.245 x 105

Microgobius gulosus 2,994 x 105 1.532 x 104 3.147 x 105
TOTAL 1.871 x 106 2.007 x 106 3.878 x 106

5-122



Appendix 5C-24. Estimated Number of Eggs Entrained During
December, 1976.

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Sciaenidae
Unidentified 2.994 x 10°  1.532 x 10%  3.147 x 10°
TOTAL 2.994 x 10°  1.532 x 104 3.147 x 10°
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Appendix 5C-25. Estimated Number of Larvae Entrained During

January, 1977.

# Entrained

# Entrained By Total #
Species By Plant Dilution Pump Entrained
Ophichthidae
Myrophis punctata 0 2.865 x 105 2.865 x 105
Clupe idae
Brevoortia smithi? 0 3.581 x 104 3.581 x 104
Atherinidae
Membras martinica 0 1.432 x 10°  1.432 x 10°
Sparidae
Lagodon rhomboides 0 2.436 x 106 2.436 x 106
Sciaenidae
Le iostomus xanthurus 2.437 x 106 3.581 x 104 2.473 x 106
TOTAL 2.437 x 10°  2.937 x 10°  5.374 x 10°
Appendix 5C-26. Estimated Number of Eggs Entrained During
January, 1977.
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Sciaenidae
Cynoscion sp. 0 3.581 x 104 3.581 x 10%
TOTAL 0 3.581 x 104 3.581 x 10%
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Appendix 5C-27.

1977.

Estimated Number of larvae Entrained During
February,

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Ophichthidae

Myrophis punctatus 4.683 x 106 4.824 x 105 5.165 x 106
Clupe idae

Brevoortia smithi 0 6.030 x 104 6.030 x 104
Gobiesocidae

Gobiesox strumosus 0 1.306 x 105 1,306 x 105
Atherinicae

Membras martinica 0 2.413 x 105 2.413 x 105
Sparidae

Lagodon rhomboides 5.854 x 105 3.136 x 106 3.720 x 106
Sciaenidae

Le iostomus xanthurus 1.171 x 106 1.909 x 105 1.362 x 106
Blenniidae

Hypsoblennius hentzi 4.747 x 105 3.919 x 105 8.666 x 105
Gobiidae

Gobiosoma robustum 0 1.959 x 105 1.959 x 105
TOTAL 6.914 x 106 4.829 x 106 1.174 x 107
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Appendix 5C-28,

Estimated Number of Eggs Entrained During

February, 1977.

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Engraul idae
Anchoa mitchilli 0 1.306 x 105 1,306 x 105
Sciaenidae
Cynoscion 1.648 x 106 3.979 x 106 5.627 x 106
6 6 6
TOTAL 1.648 x 10 4.110 x 10 5.758 x 10
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Appendix 5C-29. Estimated Number of Larvae Entrained During

March,

1977

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Engraul idae

Anchoa mitchilli 1.036 x 109 2.578 108 1.294 x 109
Gobiesocidae

Gobiesox strumosus 3.006 x 106 2,556 106 5.562 x 106
Atherinidae

Membras martinica 65.803 x 106 6.748 105 7.478 x 106
Sciaenidae

Bairdiella chrysura 0 5.143 105 5.143 x 105

Cynoscion arenarius 0 1.870 106 1.870 x 106

Cynoscion nebulosus 0 4.408 105 4.408 x 105

Leiostomus xanthurus 0 1.306 105 1.306 x 105

Menticirrhus saxatilis 0 2.204 105 2.204 x 105

Pogonias chromis 5.592 x 106 7.818 105 6.374 x 106

Unidentified 1.919 x 106 5.878 105 2.507 x 106
Blenniidae

Hypsoblennius hentzi 7.988 x 106 4.333 106 1.232 x 107
Gobi idae .

Gobiosoma robustum 1.362 x 107 1.238 106 1.486 x 107

Microgobius gulosus 1.221 x 107 3.894 106 2.693 x 107

Microgobius sp.? 0 5.143 x 10°  5.143 x 107
TOTAL 1,087 x 109 2,756 108 3.843 x 108
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Appendix 5C-30. Estimated Number of Eggs Entrained During
March, 1977,

# Entrained

# Entrained By Total #
Species By Plant Dilution Pump Entrained
Clupeidae
Brevoortia smithi 5.385 x 105 1.159 x 106 1.697 x 106
Engraul idae
Anchoa hepsetus 3.590 x 10° 1,605 x 10°  2.056 x 10°
Anchoa mitchilli 1.362 x 10'°  6.885 x 109 2,050 x 1010
Sciaenidae
Cynoscion sp. 8.028 x 10°  7.728 x 108 1.576 x 107
Unidentified 4.784 x 107 3.083 x 107 7.867 x 107
Triglidae
Prionotus sp. 0 1.070 x 105 1.070 x 105
10

TOTAL 1.368 x 10 6.925 x 10°  2.060 x 101°
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INTRODUCTION

General

Planktonic organisms, including fish eggs and larvae,
are subject to mechanical, thermal, and chemical damage
while passing through condensor tubes of power plants
using once-through cooling systems. The |aboratory rear-
ing portion of this study was established to attempt to
determine the mortality of fish eggs due to their entrain-
ment through the Big Bend power plant. This mortality
can be estimated by comparing the hatching and survival

rates of eggs collected at the discharge.

Literature Review

The past thirty years have seen an increase of interest
in culturing marine fish larvae. The published results of

experiments conducted during this time offer successful
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techniques for rearing the larvae of some fish species reported

in the Big Bend area, including: the yellowfin menhaden,

Brevoortia smithi (Houde and Swanson, 1975); the scaled sardine,

Harengula jaguana (Houde and Palko, 1970; Saksena, Steinmetz

and Houde, 1972; Houde, Richards, and Saksena, 1974); the

Atlantic thread herring, Opisthonema oglinum (Richards and

Palko, 1969); the bay anchovy, Anchoa mitchilli (Detwyler and

Houde, 1970; Saksena and Houde, 1972); the striped mullet,

Mugil cephalus (Nash, Kuo, and McConneI,'1974); the white

mul let, Mugil curema (Houde, Berkeley, Klinovsky, and Schek-

ter, 1976); and the lined sole, Achirus lineatus (Houde,

Futch, and Detwyler, 1970).

Other workers have cultured additional species not found
in the Big Bend area (Blaxter, 1962; Jones, 1972; Houde, 1972;
Rao, 1974; Houde, 1975; Stepian, 1976; Middaugh and Lempesis,
1976; May, 1976).

May (1971) assembled an annotated bibliography of papers
on attempts to rear marine fish larvae, and Shelbourne (1965)
and Houde (1973) have both reviewed the subject. Houde and
Taniguchi (1977) outlined the procedures used to culture
larvae of marine fishes at the Rosenstiel School of Marine
and Atmospheric Science, University of Miami, Miami, Florida.

The detrimental effects of thermal shock on fish eggs

and larvae were revealed in laboratory studies conducted by
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Hoss, Hettler, and Coston (1974), Schubel and Auld (1974),

.Schubel (1974), and Frank (1974).

Limitations

The rearing methods we used in our experiments were
identical to the procedures suggested by Houde and
Taniguchi (1977). Sinée the physiological requirements of
developing larvae are virtually unknown, the effects of the
rearing techniques themselves on the survival of the larvae
are also unknown. Certainly mechanical damage inflicted on
the eggs by collecting and sorting is an inherent problem
in any rearing experiment,

The hatching percentages obtained during the experiments
may also have been influenced by the developmental stage of
the eggs at the time of their collection. Frank (1974)

reported that eggs of carp (Cyprinnus carpio L.) were more

susceptible to thermal damage during the cleavage and
blastopore closing stages than at any other time. Schubel
(1974) observed lower hatching percentages of blueback

herring, Alosa aestivalis, and alewife, Alosa pseudoharengus,

eggs during the blastopore closing stage of development than

during other developmental stages, although he found that

these differences were not statistically significant.
Because of technical problems invoelving aeration and

the limitations listed above, we were prevented from obser-
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ving any long term survival rates. However, we do not feel that

we were deterred from fulfilling the objectives of this study.

METHODS

Experiments were ccnducted whenever eggs were sufficiently
abundant. Eggs were ccllected with a one-meter diameter, 363 pm
mesh plankton net from both the intake and discharge of the
plant and were returned to the laboratory to be sorted. Using
pipettes, one hundred or one hundred fifty eggs of an abun-

dant species (usually Anchoa mitchilli) were simultaneously

removed from the raw samples obtained from the plant intake
and discharge. The eggs were initially placed into 600 mi
Pyrex beakers containing water from the experimental aquaria,
before being stocked into ten gallon aquaria. The interval
between the time of the collection of the eggs and their
introduction to the experimental aquaria (usually an hour)
provided time for the eggs (especially those collected from
the plant discharge) to acclimate to room temperature. This
acclimation period reduced the possibility of the eggs incur-
ring a temperature shock, resulting from the large temperature
differences which were often present between the collecting
point and the experimental aquaria. Water for the aquaria
was obtained from the discharge canal and filtered through a
35um mesh Nitex nylon cloth and a Vortex diatom filter. Eggs

from the intake and discharge were placed into separate ten
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gallon aquaria. The aquaria were equipped with heaters and
aerators and were provided with continuous fluorescent
illumination. The rationale for providing a continuous |ight
source was that some |arvae become inactive at low Iight
intensities and sink to the tank bottom. Here they could
come into contact with toxic sediments and other detritus
which could elicit harmful effects (Houde, 1973). Air was
supplied by direct lines from the power plant. Wooden air
"stones” were adjusted to provide a low air flow to protect
the larvae from abrasion caused by turbulence. The heaters
were used to maintain the temperature (+ 1.5°C) in the tanks
at a level corresponding to that of the water from the plant
intake. (This procedure was later modified to reflect find-
ings by Rebel (1973). He observed the highest survival rates

for laboratory reared Anchoa mitchilli larvae at experimental

temperatures of 25,6° - 31.0°C. Beginning with our eighth
experiment, when the water temperature in the intake canal
was 24OC, the temperatures in all the aquaria were maintained
at 29° - 31°C. At these temperatures we hoped to obtain the
highest possible longevity and survival rates.)

Each rearing tank contained an algal bloom of either

Nannochloris occulata or Isochrysis galbana. |t has been

suggested (Houde, 1973) that an algal bloom removes from the
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culture medium toxic metabolic products of both the growing
larvae and their food organisms.

The larvae were fed zooplankton, collected with a 3 =
meter diameter, 35 pm‘mesh plankton net. Using different
mesh sizes of Nitex nylon cloth, the zooplankton was separated
into three size fractions: that greater than 300 microns;
thaf between 110-~300 microns; and that between 53-110 microns.
Organisms of the smallest size fraction were fed to the larvae
on the first day of eye pigmentation. The food size was in~

creased proportionately with the growth of the larvae.

RESULTS

A total of eleven rearing experiments, utilizing eggs
from both the plant intake (station 1-6) and discharge
(station I-1) were conducted during the study period. The
majority (98.8%) of the 3,118 eggs cultured were those of

the bay anchovy, Anchoa mitchilli. Eggs of the lined sole,

Achirus lineatus, the silver perch, Bairdiella chrysura

and an unidentified species, comprised .16%, .38%, and . 66%
respectively, of the total and were reared only in the
first of these experiments. No anchovies hatched in the
first experiment utilizing eggs from the plant intake and
discharge. The identity of the larvae that did hatch was
not discernable.

No larvae survived longer than a week in any of the

experiments.
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The results of the rearing experiments utilizing eggs

from both the intake and discharge are summarized in Table

5.19.

Table 5.18., Results of experiments utilizing eggs
col lected from the plant intake and
discharge.

Eggs collected at the plant Eggs collected at the
intake (1-6)-'control’ | _plant discharge
Exp. % Surf. Aquagia % . Surf Aquagia
Date | No. Hatching{temp. C temp "C |[|Hatching |tEempT temp C
7/21/16( 1 4 30.5| 29-30.5 3 39 29-30
8476 | 2 35 31.5|31.5-32.5 0 39 |30.5-31.5
8/24/76 3 47 30 28-30 7 38 29-30
| 4 47 30 30 7 38 29-30
Yz | s 60 30 R9.5-31 34 38 29-30
6 60 30 30 32 38 29-30
*7 40 30 23-24 37.5 38 22-23
3/29/77 8 87.5 24 29-30 45.6 29 30-31
78.8 24 30-31 46.3 29 30-31
50977 | 10 26.7 25 30 22.7 29 30
11 25.3 25 30 14.7 29 30
X 46.5 26.9

* no water heaters were available for this experiment.,
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DISCUSSION

The hatching percentages of eggs collected from the plant
discharge were always lower than those of eggs collected from
the intake (the mean hatching percentages for all experiments
conducted were 26.9% and 46.5% for the discharge and intake,
respectively). The disparity was apparently caused by the
effects of entrainment through the plant. A Student t-test
for paired samples was performed on the results of all
experiments conducted. This test indicated that there were
significant statistical differences (A =0.05) between the
hatching percentages of eggs collected from the plant intake
and those collected from the plant discharge.

Table 5.19. illustrates that hatching rates were variable,
probably due in part to technical problems, but the results
seem to indicate that an inverse relationship exists between
hatching success and ambient bay temperature. The highest
hatching rates of eggs collected from the plant intake (87.5%
and 78.8%) and the plant discharge (46.3% and 45.6%) corres-
ponded to the lowest surface temperatures at the intake (2400)
and discharge (290C). The lowest hatching rates of eggs col-
lected from the plant intake (4%) and the discharge (0%)
corresponded to the second highest surface temperature at the

intake (30.50C) and the highest surface temperature at the
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discharge (39°C). Hydrographic data indicated that the
average monthly surface temperature ranged from 13.6°C to
29.9°C at the plant intake and from 17.4°C to 38.6°C at the
plant discharge during the study period. The relationship
between hatching success and ambient bay temperatures would
have been more clearly defined had experiments been con-
ducted monthly. Because eggs were not always sufficiently
abundant and because of mechanical problems with the collec-
ting boat, monthly experimentation was not always practical
or possible.

It should be noted that many species of fish found in
Tampa Bay have extended spawning seasons (Springer and
Woodburn, 1960; see Chapter V, Part |) and that their eggs and
larvae are susceptible to entrainment throughout much of the
year. Because of seasonal bay temperature fluctuations, the
effects of entrainment may be variable. Since spawning activity
is low in the vicinity of the plant during the
winter months, fewer eggs and larvae are susceptible to
entrainment at this time than during the rest of the year.,
However, as spawning activity increases during the spring
and summer months, the susceptibility of eggs and larvae to
damage through entrainment also increases. The eggs and
larvae are not only more abundant in the vicinity of the
plant, they are also subjected to higher ambient and effluent

water temperatures. Rebel (1973) reported on the effects of
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temperature on the survival of four species of marine fishes
from Biscayne Bay, Florida. Two of these species, the scaled

sardine, Harengula jaguana, and the bay anchovy, Anchoa

mitchilli, spawn in the vicinity of the Big Bend plant during

the summer months. He reported that Harengula jaguana eggs

and larvae cultured at 35.000 suffered 100% mortality prior
to reaching the pigmented eye stage of development. He also

reported that Anchoa mitchilli eggs and larvae suffered 100%

mortal ity prior to reaching the pigmented eye stage if cultured
at 35.800. Big Bend hydrographic data collected from June
through September, 1976 (Peekstok, 1976, 1977) indicated
that the average monthly surface temperatures ranged from
35.0°C to 38.6°C at the plant discharge (station I-1). Clearly,
the survival of eggs and larvae of these species at the plant
discharge may be threatened by the high temperatures during
these months.

Survival of fish eggs and larvae entrained in power
plant condensor systems will depend in part on the length of
time the eggs and larvae are exposed to elevated temperatures.,
The length of exposure time in turn depends on the design of
the condensor system. Water entering the Big Bend power plant
takes approximately 1.5 minutes to flow through the condensor
system and into the discharge canal. Time spent in the dis-
charge canal (and therefore continued exposure to elevated

temperatures) is variable due to the amount of effluent dis-
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charged by the plant, wind direction and velocity, and tidal
stage. Hoss, Hettler, and Coston (1971) conducted experiments
to determine the effects of increased temperature on the post-
larvae of four fish species. Post-larvae of two of these

species, pinfish, Lagodon rhomboides, and spot, Leiostomus

xanthurus, are found in the Big Bend area in January and
February. Hoss, et al. (1971), reported that
50% of the spot and 17% of the pinfish died three to four
hours after being exposed to a temperature 10°C above ambient
(ISOC). The average monthly surface temperature at the plant
intake (station I=6), in January and February ranged from 14.5°C
to 18.7°C in 1976 and from 13.6°C to 13.8°C in 1977. The
average monthly surface temperature at the plant discharge
(station 1=1), during the same months ranged from 17.4OC to
18.4°C in 1976 and from 21.6° to 22.3°C in 1977. Entrained
post=larval spot and pinfish were not exposed to a 10°C dif-
ference between ambient and discharge water temperatures dur-
ing these months, however, exposure to the elevated tempera-
tures in the discharge canal, possibly for hours, after having
been subjected to mechanical shock incurred while passing
through the plant could have threatened the survival of these
entrained individuals during January and February.

The difference between the mean hatching rates of eggs

.~ collected from the plant intake and discharge indicates there
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is an apparent 42.2% mortality of fish eggs caused by
entrainment through the Big Bend power plant. This rate
seemingly indicates that local fish populations are being
steadily reduced. However, many populations possess a
compensatory power sufficient to offset substantial amounts
of man-induced mortality (McFadden, 1977). McFadden stated
that government regulatory agencies and their scientific
staffs involved in power plant licensing proceedings have
seemed reluctant to credit many fish populations with
significant natural compensatory capacity and have been
even more reluctant to make quantitative allowances for
this capacity when evaluating power plant impacts. McFadden
argued that the repeated removal of 25-50% of a fish pop-
ulation and the sustained reduction of abundance of fish

to a level below the pre-fishing stock may seen a drastic
proposition, but the practice is a normal and ecologically
sound treatment that permits fish stocks to operate at
maximum productivity.

To what degree compensation may be occurring in fish
populations in Tampa Bay is unknown, |In addition, because
of the great expanse of Tampa Bay, the transitory nature of
many of its different fish species, and the lack of research
on its fish populations; the stocks of local fish populations

also remain unknown. Since fish stocks and compensatory
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behavior are at present unknown, the impact of year-round
entrainment of fish eggs and larvae on the local fish popu-

lations over a long period of time cannot be assessed.

SUMMARY AND CONCLUSIONS

1) A total of eleven rearing experiments, utilizing
eggs from both the plant intake (station 1-6) and discharge
(station 1-1) were cconducted during the study period.

2) The majority (98.8%) of the eggs cultured were

those of the bay anchovy, Anchoa mitchilli.

3) The hatching percentages of eggs collected from the
plant discharge were always lower than those of eggs collected
from the intake.

4) The results of the experiments seem to indicate that
an inverse relationship exists between hatching success and
ambient bay temperatures.

5) Fish eggs and larvae are more susceptible to damage
caused by entrainment during the summer months than during
the rest of the year because of higher ambient and effluent
water temperatures and greater releative abundance.

6) Survival of the fish eggs and larvae entrained in
the power plant’s condensor system will depend in part on

the length of time they are exposed to elevated temperatures.
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7) Since Tampa Bay fish stocks and their compensatory
behavior are presently unknown, the impact of year-round
entrainment of fish eggs and larvae on the local fish pop-

ulations over a long period of time cannot be assessed.
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INTRODUCTION

General

The invertebrate meroplankton form a unique and important
part of the zooplankton. As larvae, they are subject to the
vagaries of a planktonic existence, while as adults they
constitute a major portion of the benthic fauna. This study is
concentrated on the larvae of the decapod crustacea. Adult
decapods are an important fraction of the macrofauna, and their
life histories are well known, Their larvae are a distinctive
and widespread part of the plankton.

The study of meroplankton in the vicinity of the Big Bend
electric generating station was initiated in January, 1976
and sampling continued through March, 1977. Sampling design

and program objectives were outlined in the Addenda to

Prospectus for Ecological Studies at Big Bend Steam Electric

Station (Tampa Electric Station), a 316 Demonstration (TECO,

1975) and in conferences with representatives of governmental
regulatory agencies (U.S. Environmental Protection Agency,
State of Florida Dept. of Environmental Regulation). Specific

objectives of the study have been to:
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1. identify and enumerate selected meroplankton at
source and receiving water stations;

2. calculate numbers of these organisms entrained,

Project Review and Limitations

This project is basically a survey of the merop lankton
in the waters around the power plant. Although estimates
of entrainment are presented, assessment of the impact of
the plant upon the populations involved was not within the
scope of this study. There is very little data avajlable
on the magnitude of the adult populations producing the
larvae, the fecundity of the adults, and the frequency of
spawning of individual breeders. There is insufficient data
on the current patterns in the area to allow estimation of
the areal extent of the populations whose larvae are
susceptible to entrainment or which might be affected by
drift into the thermal area. The effect of rapid temperature
changes on larvae has not been studied. Although some studies
on the effect of temperature and other factors on Iarval_
survival have been conducted (Costlow and Bookhout, 1962,
1971; Costlow, Bookhout and Monroe, 1966, others) most

of this work has been done at higher latitudes than Tampa Bay,
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Qur more tropical populations might have different tolerances
from their mid=Atlantic counterparts. These studies do tend
to show that larval decapods can not only tolerate relatively
high temperatures (about 30-3500) but can sometimes flourish
at these temperatures. Other factors can influence these
results, e.g. sub-optimum salinity for the species tends to
lower the thermal tolerance in the species studied. Diurnal
temperature fluctuations of 5° or 1000, on the other hand, tend
to raise the survival rate at high temperatures. Rapid
temperature rise, as through power plant entrainment, would,
of course, subject the organism to a great deal more stress
than would gradual diurnal fluctuations.

No effort has been made to quantify mortality from
entrainment in this study. Other studies on zooplankton
entrainment have found anywhere from 0 to 100 percent mortality
(Lauer et al, 1975). This variable mortality is dependent
on intake and outfall temperatures, temperature rise, salinity,
and the life stage of the individual organisms involved. Other
factors such as food availability, pollution by pesticides,
organic wastes or heavy metals, availability of oxygen, and
plant design and operation (hydraulic stresses, rapidity and
duration of the temperature rise, presence or absence of
biocides, etc.) may also affect mortality (Cairns et al., 1975;
Clark and Brownell, 1973; Vernberg and Vernberg, 1974, Vargo

6-3



and Sastry, 1977).

Few published studies have treated meroplankton in any
detail. Sandifer (1973) has produced the most complete work
to date on the decapod larvae, and also presents a review of
the work to that time. His more recent paper (Sandifer, 1975),
has helped delineate the roles planktonic stages play in the
life histories of the species,

Tégatz (1968) reported several species of crab zoea from
the St. Johns River, but most of the data on breeding popula-
tions of decapods in Florida came from records of ovigerous
females encountered in studies of the adults, These studies
(Wass, 1955; Tabb and Manning, 1961; Williams, 1965; Rouse,
1969; Lyons et al, 1971) show two breeding patterns along
the coast of Florida. Northern Florida animals generally
breed through the warmer months, while the southern Florida
crustaceans show year round breeding, with more species breeding
in fall, winter, and spring than during the mid-summer,

In their study of Tampa Bay macrozooplankton, Kelly and
Dragovich (1967) used a large (1.024 mm) mesh net which allowed
most types of early decapod larvae to pass through, though it
did retain penaeid postlarvae, porcellanid crab larvae, and
later zoea of some other forms., Quantitative comparison with

the present study is therefore inappropriate for most forms,
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In terms of total numbers, the decapod crustaceans compose
a rather small portion of the meroplankton. Kelly and Dragovich
(op cit.) found much of their plankton to be crustacean mero-
plankton., Their large mesh net did not capture most of the
smaller forms which compose a ma jority of the meroplankton,
Hopkins (1966) reported that decapod larvae averaged only
some 2,5% of the larval forms collected with a #10 mesh (155 p
mesh diagonal) net. Even with this net, he found that pe lecypod
veligers were not quantitatively sampled, as most were even
smaller than this mesh size. Comparative tows with a #20 mesh
(99 M diagonal) showed nearly five times the number of these

veligers as the #10 mesh samples.
METHODS

Samples taken for the ichthyoplankton program were also
utilized for meroplankton studies. Sampling methodology
(oblique tows with a 1 m diameter 363 p mesh net) is discussed
in the ichthyoplankton section of this report (Chapter 5).
Station locations are shown in Figure 5.1 in that section,

This sampling design was suggested and approved by the regula-
tory agencies. Supplementary oblique (January-March, 1975)

and vertical (April, 1976- February, 197) tows were taken with a 30 cm
or 50 cm #20 mesh (75 p bar mesh) net.

These tows were used for qualitative observation of the smaller
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merop lankton present. In addition, mollusk veligers and
brachiopod larvae were also counted when encountered in the
phytoplankton samples,

Samples were sorted using an Olympus TM300, and Bausch
and Lomb Stereozoom and Stereozoom 7 dissecting microscopes,
Final identifications were normally made using the B and L
Stereozoom 7. Certain fine details were checked using a B and L
Dynazoom compound microscope. After thoroughly agitating the
sample, aliquots of the samples were taken using 10 ml capacity
Tippet dispensers, All decapod crustacean larvae were removed
from the sorting dish and placed in numbered vials. Specimens
of the other taxa were also held for reference, but most
of these specimens were counted without picking them out.
Aliquots were taken and sorted until at least 200 decapod
larvae were counted. All aliquots were sorted completely. If
fewer than 200 decapods were found, the entire sample was
counted,

During the warm months, meroplankton abundance was very
high., Samples with high numbers of meroplankton were sorted
in the usual manner, but in addition, an extra set of aliquots
was sorted, For the second set, decapod species with over 30
individuals represented in the first set (i.e. the dominant
species) were not counted. Aliquots were taken until at least

another 100 decapod larvae were sorted and identified, Usually
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no forms other than decapods were counted from the second set
of aliquots., Data was stored in the computer as raw counts to
facilitate corrections. Conversion of the data was made to
numbers per cubic meter and these values were used for analyti=-

cal procedures and interpretation of abundance levels.

ldentification

An artificial key to the larval decapod crustacea of the
Big Bend area is presented in Appendix 6A. It includes a
bibliography of the literature used to identify decapods in
this project. Many other works were consulted from time to
time, but were not of direct use in identification and thus
are not included,

In recent years, the identification of decapod larvae to

species or genus has been simplified by the many studies in

which larvae have been reared in the laboratory from the first zoea through
metamorphosis (see Appendix 6A), Before these rearing techniques
were established, larval identification relied solely on the
study of larvae from the plankton, In these cases, the first
stages were hatched from gravid females. Late stage larvae
from the plankton were held through metamorphosis into the
juvenile form., Intermediate stages were described from similar
larvae found in the plankton., This method must be used with

caution, as larvae of similar species might not be distinguished,
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Identification of larvae preserved from plankton samples may
present some problems even if the species has been described,
since the pigmentation fades fairly rapidly and this major
aid to identification becomes useless. This is especially
important with danaged specimens where some other character might
also be useless. While many forms of decapod larvae have been
described, some species inhabiting Tampa Bay are still unde-
scribed. Some of these are recorded as unknown species (i.e.
Brachyura sp. A), but it is possible that some undescribed
form might have been confused with another species within the
same genus or sub-family. Thus, genera with both known and
unknown forms present might only have the described form
recognized., This is because it is impossible to give each
individual the intense study necessary to check all the diag-
nostic features of the species (especially setation of the
endopodites of the maxillipeds and mouth parts).

Many of the caridean shrimp have been examined by Dr Sheldon Ddbkin

of Florida Atlantic University to verify our identifications.,



RESULTS AND DISCUSSION

General

Total meroplankton as sampled by the 363 My mesh net showed
two peaks of abundance, one in April and the other in October
(Figure 6.1). Decapod larvae accounted for 94% of the larval
forms recorded overall. Only in the coldest months, when
decapod larvae were rare, did other larval types make up a
large proportion of the catch.

A total of 105 taxonomic groups were recorded in the 363 Jj:
mesh net samples (Appendix 6B). These included 8 of decapod crustacea taxa
and 19 miscel laneous forms of 7 phyla (including Arthropoda).
Some 38 decapods were recognized to species while 24 other
forms were found which were assigned to arbitrary specific
names according to varying higher taxonomic orders (e.g.
Pinni xa sp, B, Alpheidae sp. A Brachyura sp. A) and 24 forms
were recognized only to genus or family. Those identified to
genus or family only included some forms of damaged larvae
whose identity were uncertain, and postlarvae with the adult

characters not discernable. Others were genera within which

- o

species differences could not be discerned (i.e. Uca SPP.).
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Forms other than arthropods were identified only to the major
taxonomic level. |

A list of species and abundance at each station for each
sampling period has been presented in the quarterly reports
(Blanchet, 1976 a and b, 1977 a and b; Avery, Leverone & Blanchet,
1977). These reports present the data for each species with-
out respect to larval stage. The data by stage was too
voluminous for inclusion in the reports. Persons with an
interest in this data can obtain it from Conservation
Consultants, Inc. (P. 0. Box 35, Palmetto, Florida 33561).

The average daytime water temperatures for some repre-
sentative stations are presented in Figure 6.2. For more
detailed discussion of physical parameters, refer to the
Hydrographic section of this report. (Chapter Two).

The following discussion is intended as an outline of
the findings of the meroplankton samples taken over the study

period.

Species Composition and Seasonal Abundance

Penaeid Shrimps

Penaeus duorarum, the pink shrimp, was found only in the

late postlarval stages. Numbers of this species were quite
low; only 24 specimens were found during the entire study. Of

these, only one was captured in the daytime (October 9 sample).
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Three were found at the discharge, in samples from October 22
and November 22. The rest of the specimens were found in

July and August samples from several stations, the greatest
number (11 total) from station B/C-8. Thorhaug et al. (1971)
found the thermal death point (LT100) of the first and second
postlarval stages of pink shrimp to be approximately 380 (died
within 2.5 hours), with some mortality to the first stage at
temperatures as low as 34.90C with longer experimental exposures
(25 hours). Second stage postlarvae were not tested

past 2.5 hours. Big Bend effluent temperatures were above 3500 '
for much of July, August, and September, and entrained post-
|arvae were probably significantly stressed throughout this

period.,

A single damaged penaeid postlarva, probably Trachypenaeus

or Sicyonia, was found in the daytime discharge sample on

August 3. This was the only penaeid found other than

P. duorarum,
Caridean Shrimps

Six caridean families were represented in our samples.
Altogether, they represented approximately 5% of the decapod
larvae found. The seasonal distribution of the six most
abundant caridean shrimps is summarized in Figures 6.3 and 6.4.

Though farvae of these species were found year round or nearly
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so, there are generally one or two strong peaks in abundance,
Our abundance figures are presented as an average of the
20 stations (10 day, 10 night) for each sampling period,

however, high varjation did exist between stations.

The most abundant caridean overall has_been tentatively

—

identified as Ambidexter symmetrius (brocessidaéj. The larvae
of this species have not been previously de;cfibed, but are
easily distinguished from larvae of Processa, the only other
genus reported as an adult in the vicinity., The identificatjon

of this larva as Ambidexter is based on a series of eight

zoeal stages and postlarvae taken in the plankton during this
study. As in other processids, the bases of the antennules

are welf separated, but the antennules are curved so that

one third along their length they are separated only by
slightly over half the width of the antennule, |n other
processids the antennules remain separated by more than their
width, More complete description of this larval type (appepdage
setation patterns, etc.) was not possible due to the time
limitations and scope of this project, but hopefully will be
pursued at a later date., Figure 6.3 shows the occurrence of

Ambidexter larvae through 1976. The major spawning peak

coincides with that of Periclimenes spp. Larvae of Processa spp.

were also recorded in low numbers mostly from August through
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December (greatest numbers in October).

Although no species were identified, five forms of larvae
were assigned to the family Alpheidae. The most abundant
form, Alpheidae sp. A, is probably of the genus Alpheus (Dobkin,
pers. comm.). |ts seasonal distribution is shown in Figure 6.3.
Larval abundance indicates three breeding pulses between April
and the middle of October. More second stage zoea were found
than first stage onevery sampling date in this period. First
stage outnumbered second stage in March and November samples,
but abundance of all stages was low at these times (1-3/m3
total). Although we have not attempted to measure the duration
of each stage, many rearing studies of other decapods report
approximately equal lengths to the zoeal stages within a
species. The abundance of second stage zoea suggests that a
significant portion of the larvae of this species comes from
outside the study area (assuming each stage is of similar
duration). Larvae from areas external to the study area would
be older when they drifted into the area than larvae produced
locally, and would more likely be recruited at some stage after
stage | zoea,

Alpheidae sp. A. was more than ten times as abundant as

the next most common alpheid.
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Periclimenes spp. was the most abundant palaemonid shrimp,

Its seasonal distribution is summarized in Figure 6.3.

Periclimenes americanus and P. longicaudatus were found as

postlarvae in our samples and as adults in the otter trawl (see
Chapter 8) and the benthic grab (see Chapter 4) samples in the

area, with P. americanus seemingly more common. No attempt

was made to distinguish these species; the larvae were very

similar. P. americanus was hatched out, but no ovigerous

P. longicaudatus were found for direct comparison of specimens,

and there were no distinguishing characters between laboratory
hatched larvae and those from the plankton to help separate

the two forms. Lyons et al. (1971) found ovigerous P. americanus

from May through September, while Tabb and Manning (1961)
found them in October and December through April, and Rouse
(1969) recorded ovigerous specimens year round, most prevalent
in March and April. Rouse (op cit.) also recorded

P. longicaudatus as breeding from September through April,

but mainly in February and March. From our samples, the main
breeding season in the Big Bend area is from August through
October. First stage zoea were still relatively common
(five per m3) in the samples from October 21, indicating
that breeding persisted at least until then.

The family Ogyrididae was represented by larvae identified

as Ogyrides limicola. 0.yaquiensis is known to occur in
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Florida south of Tampa Bay (Rouse, 1969). Chace (1972)
suggested that these two forms might be variations of a

single species. Larval development of 0. yaquiensis has not

been described, and such a study might help elucidate the
relationship of these two forms. No differences were noted,
however, between our larvae and 0. limicola as described by
Sandifer (1972). Occurrence of Ogyrides larvae is presented
in Figure 6.4. The large peak on October 7 is due to very
large numbers of larvae found at the discharge and at the
open bay control stations E-5, B/C-5 and A-5.

Larvae of Latreutes parvulus and Hippolyte spp. accounted

for most of the hippolytid specimens in the samples. Hippolyte
larvae were found year round in low numbers, while L. parvulus
was most common from July through October (see Figure 6.4).

The family Pasiphaeidae was represented by larvae of

Leptochela sp. (probably L. serritorbita) which was found in

low numbers in samples from August to January (highest in

October).

Macruran Shrimps

The family Callianassidae was represented by four larval

types of Callianassa spp. in low numbers, and by Upogebia

affinis. Upogebia larvae were the third most abundant larval

type found. Seasonal distribution of the larvae by stage is
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shown in Figure 6.5. There is some indicatijon in the August 18
samples that breeding may have started again outside the study
area somewhat more rapidly than within the area, after the
mid-summer depression, shown by the abundance of second
and third stage zoea in these samples. Sandifer (1973)
reported most specimens as occurring above 23°C, with peak
abundances at 25-27°C. This correlates well with our findings,
though Sandifer (op cit.) found his largest numbers from
June to October, while our highest numbers were found in
spring and early summer samples.,

Two larval specimens provisionally identified as

Naushonia sp. (N. portoricensis?) of the family Laomedjidae

were found. One third stage larva was found on October 21 in
the daytime sample from the intake (station 1-6). A damaged
stage V (?) was found at station 0-8 on September 23 in the
daytime., These larvae fit the description of Gurney and

LeBour (1939) from Bermuda specimens in, most respects, but

they lack the pleural hooks on the first abdominal segment,
This is the first record of this genus from the Gulf of Mexico
(Dr. Anthony J. Provenzano, Jr,, O0ld Dominion University
Institute of Oceanography, Norfolk, Virginia, personal communij~-

cation July 12, 1977),
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Anomuran Crabs

Larvae of Polyonyx gibbesi (family Porcellanidae) were

the second most abundant larval type in our samples. Seasonal
distribution of these larvae by stage is shown in Figure 6.6,
Abundance of the larvae was quite variable between stations;
large swarms were noted throughout the area during the warm
months, They were abundant enough to become matted on the
travelling screens of the plant intake (see Impingement
section, Chapter 7)., These mats were composed of both first
and second stage zoea, with the second stage predominating,
This larva was one of the few species which was commonly found
to be more abundant in intake than discharge samples. This
may have been due to the removal of the larvae by the screens,
or some other unknown factor. Sandifer (1973) found most of
his larvae of P, gibbesi in bottom tows, but we have observed
many swarms of these zoea near the surface in the daytime.
Thouéh swarms are not so easily seen gé night, they were noted
occasionally.

More P. gibbesi larvae were found jn daytime samples than
at night in all samples in which they were abundant, except
on September 22 when both zoeal stages were more abundant

at night,
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Sandifer (op cit.) found some 10% of his P. gibbesi
larvae as megalopae, nearly all in bottom samples. About 2%
of our larvae were megalopae, but this may be due to the
larvae occurring below the level sampled by the net.

Petrolisthes spp. larvae were found in all months sampled

except March, but were very rare in November, December, and
January. Throughout the rest of the year, numbers of zoea
were low, and megalops rarely found.

In general, our figures for abundance of porcel lanid
larvae agree well with those of Kelly and Dragovich (1967)
for their station (Station 13) in the present study site.

Two species of hermit crab (Paguridae) were commonly

found. Pagurus longicarpus was the more common specdes,

and was found mostly from late October through April (highest
from January to April). Paguridae sp. A was found year round
but was highest in September and October. Fogeringham and
Bagwall (1976) found a slightly longer breeding season

(September-May) for P. longicarpus, but a similar separation

of breeding seasons of the hermit crabs of the northeast

coast of Texas.
Brachyuran Crabs

Larvae of a leucosiid crab tentatively identified as

Persephona aquilonaris (see Blanchet, 1976b) were found in
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samples from all months except January. Four zoeal stages
and a megalops were recorded. Larvae were common from April
through August, with the highest numbers in April samples.
Six species of xanthid crabs were common to abundant as
larvae in the samples. Their seasonal pattern of occurrence

is presented in Figure 6.7.

Rithropanopeus harrisi zoea were most abundant at slightly
cooler temperatures than other xanthids and were almost
entirely absent from the warmest part of the summer, Though

following the other four species (Neopanope texana, Hexapanopeus

angustifrons, Panopeus herbstii and Menippe mercenaria) in

spawning during the April and September seasons, Eurypanopeus

depressus larvae did not show the mid-summer spawning peak,

but remained relatively low. The other four species presented
showed similar patterns of abundance, with three spawning peaks
in April, July, and September-0October.

Menippe mercenaria was common from April through October,

but was never abundant. First stage larvae were far more
numerous than any other stage, and comprised some 78% of the

specimens found. In contrast, 51% of the Neopanope texana

larvae found were stage | zoea. Thorhaug et al. (1971) found
thermal death points for Menippe zoea to be between 330 and
36°C, and for the zoea/megalops molt to be near 31°C. Big

Bend effluent temperatures from the middle of May until the
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Figure 6.7. Abundance of the six most common types of xanthid crab
larva in the Big Bend area, January, 1976 to March, 1977.
An open circle indicates £0.01 per m3 average.
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middle of October probably would stress the zoea of this
species. Even ambient bay temperatures would seem to affect
the molt to the megalops through the hottest part of the
summer (see intake temperatures in the Hydrographic chapter).

Neopanope texana and Hexapanopeus angustifrons were the

most abundant xanthid species overall, and the fourth and
fifth most abundant decapod species. Their larval abundances
by stage are presented in Figures 6.8 and 6.9. In both
~species the late summer/fall breeding season was the strongest,
and seems to be bimodal.

Rouse (1969) found Neopanope texana to be ovigerous in

the winter, while Lyons et al, (1971) found that the species
bred from February to October,

In southwest Florida, Hexapanopeus angustifrons was

ovigerous year round, but most commonly between February and
July (Rouse op cit.). In Chesapeake Bay, Sandifer (1973)

found the larvae from June to October [highest numbers reported
in August (25-26°C)]. In North Carolina Williams (1971)

found the abundance of megalops highest in August and September,
The megalopae found in the present study were often damaged.

Problems in distinguishing between the larvae of H. angustifrons

and N. texana at this stage were common. The relative abun-
dances of the two species at this stage is subject to some

error because of this problem.
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zoeal stages 1-4.

Abundance of the larval stages of Hexapanopeus angustifrons in the

Figure 6.9.

Big Bend area, January, 1976 to March, 1977.

£ 0.01 per m>

megalops stage,

M =

(1-4

average.

Total Numbers).
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Both N. texana and H. angustifrons had unusually high

relative abundances of late stage larvae in some mid-summer
samples. The large numbers of late stage zoea relative to
the stage | in the July 20 samples indicate a recent, rather
abrupt end to the production of larvae in the area. |In
August 18 samples, stage | zoea were still rather low, while
later zoea increased well over the previous samples’ level,
These later stage zoea were probably produced outside the
study area and were carried into the area by currents, as the
low numbers of stage | zoea indicated that breeding within
the area was still at a low level.

Pinnixa sayana was the most abundant decapod in the

samples. |ts seasonal distribution is shown in Figure 6.10.
Two major spawning peaks were found, in April and October,

with a smaller peak in July. As with Neopanope texana and

Hexapanopeus angustifrons larvae, later stage zoea were more

abundant than stage | just previous to and at the end of the
mid-summer depression in breeding. Stages lll and |V also

show high values relative to stage | in May 13 samples, after
the spring spawning peak. The abundance of the postlarval
stage of P. sayana is presented, but may not be accurate, as
this stage may not be constantly pélagic. The gross morphology
of the stage certainly suggests a benthonic existance, as the

body shape and the form of the abdomen and perieopods do not
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seem adapted fop SWimming,
Several other Pinnotherid species were found, including

Pinnixa chaétopterana, Pinnotheres maculatus, unknown

species of Pinnijxa (sp. A and sp. B) and Pinnotheres (sp. A

and sp, B). Pinnixa chaetopterana was found year round, and

was common fpom Apri| through October, Pinnotheres maculatys

was also most common in this Period, but was not as abundant

as P, chaetopterana. Other pPinnotherid Species were rare,

and in genera] were found only from Aprij] to October gt Big
Bend., The Same species were mope common jn samples fpom the
Port Manatee area (Blanchet, 1976c), where salinity,
substrate, and other factors may be more favorable
to these sSpecies, |

In samples from Aprijl through June, Uca spp. was combined
with Sesarmg SPP. and identifijed only as Grapsizoea sSpp.
(Blanchet, 1976b). Most of these larvae are probably Uca, as
the stage || tarvae are generally mopre abundant than stage |
through most of this Period, an anomaly caused by the size
of these stages in Yca,

—

Larvae of {cg SPP. were only Occasionally found from

of the stage | and Perhaps some of the stage Il zoea are not

captured by the 363.p mesh net used for samp | ing, leading to
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underestimation of the abundance of these stages. Stage ||
Uca spp. were nearly always more abundant than stage | when
this genus was identified. The larvae of Sesarma spp. are
somewhat larger, and stage | outnumbered stage |1 through.

the part of the year when the genus was separated from Uca.
The larvae of Uca were more common than Sesarma through this
part of the study period. Considering this, and the Uca-1like
abundance of stage 1l zoea in the April-=June samples, it seems
reasonable to assume that Uca was also the dominant form in
these samples,

Grapsizoea were most abundant in late April and in May
samples. Late stage Uca (stages 1V, V, and megalops) were
abundant in late July and all stages of Uca peaked in late
August, followed by a general decline until November,

Sesarma cinereum were most abundant in July and August

samples, while numbers of individuals of S. reticulatum were

highest in September. Maximum average abundance of both

forms of Sesarma was only around 2 per m3. Except for a few

first stage zoea of each species recorded on November 22,

no Sesarma were found from the last of October through March.
Portunid crab larvae were rare in all samples. A few

Callinectes zoea were recorded from April to September. An

unknown portunid zoea (Portunidae sp. A) was recorded in a

few samples from April through December. The few portunid
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megalops found were too damaged to identify to genus. They

were recorded in July and November,

Miscellaneous Forms

Very little analysis was done on the meroplankton other than
the decapod larvae, The abundance of most of these other
forms is grosély underestimated by the mesh size of the net
used for this study. As previously mentioned, 75 M mesh net
samples were taken along with the 363 M mesh samples. Most
of these samples were not analyzed quantitatively (due to the
limited scope of this study), but the abundance of meroplankton
has been reported for one date, January 6, 1976 (Blanchet,
1976a). These abundance figures are similar to those presented
by Hopkins (1966), and they place the true abundance of these
non-decapod larvae far above the figures for the same forms
from the large mesh net. Comparison of the fine mesh net
values for January, 1976 with the coarse mesh net values for
January, 1977 shows a difference of some 2 to 4 orders of magni=-
tude for such forms as barnacle nauplii and gastropod and
bivalve veligers. Without considering the values from the
fine mesh net, both gastropod veligers and barnacle nauplii
accounted for a significant portion of the meroplankton (3.0%
and 1.7% of the total respectively, and 5th and 8th most

abundant forms). Were their true abundance known, these forms
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would probably be the most dominant meroplankton by far.

Though very abundant, many of these larvae come from
adult forms whose reproductive potential is much higher than
decapod crustaceans and the results of losses due to entrain-
ment may not be as significant to the adult population.

The larvae of oyster (Crassostrea virginica) were

recognized in many of the samples from the warmer months,
Though some of the gastropod veligers were probably of species
predatory on oyster, or otherwise important, no attempt

was made to identify them. Without quantitative samples,

any study of these forms would have to be very superficial

and prone to error,

Entrainment

Entrainment of meroplankton was calculated using the formulas
and method outlined in the ichthyoplankton section (Chapter 5) of
this .report. The estimated monthly entrainment figure for each
species by both the dilution pump and the plant between January,
1976 - March, 1977 is listed in Appendices 6C=-1 through 6C-15,

The entrainment figures for certain crab species, which may be

impinged upon the intake screens (for example Polyonyx gibbesi)

and for certain small species, which pass through the 363 p mesh

unit (for example molluscan veligers) may be low estimates,
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Discussion of entrainment will includethe four most abundant
species collected in the study area. These are, in order of

abundance: Pinnixa sayana (Pinnotheridae); Polyonyx gibbesi

(Porcellanidae); Upogebia affinis (Callianassidae); Neopanope

texana (Xanthidae). A species of commercial importance, the
stone crab (Menippe mercenaria) will also be discussed. In
addition, total meroplankton entrainment will also be briefly

discussed.

1) Pinnixa sayana

The estimated monthly entrainment of P. sayana by the dilu-
tion pumps and by the plant is presented for the period January,
1976 - March, 1977 in Table 6.1. This species was the most
abundant species collected in the area, and was also the most
abundant species entrained by the plant and dilution pump.
Entrainment was high throughout much of 1976, from March through
November. A total of 2.349 x 1011individuals were entrained by
the plant and 8.021 x 1010 individuals were entrained by the

dilution pump during 1976,

2) Polyonyx gibbesi

The estimated monthly entrainment of P, gibbesi by the
dilution pumps and by the plant from January, 1976 - March, 1977
is presented in Table 6.2. This species was both the second most
abundant species in the study area and subject to the second

highest entrainment of any species. Entrainment of this species

6-36



Table 6.1. Estimated number of Pinnixa sayana entrained
by the Big Bend plant and by the dilution pumps

per month between January 1976 and March 1977.

Month # Entraineg  F Entisined Total #
Dilution Pump Entrained
1976
January 0

February 5.516 107 0 5.516 107
March 4,560 x 10° 1,453 x 10°% 1,919 x 1010
Apri | 3.728 x 1010 2.661 x 1019 6.389 x 10%°
May 1.701 x 1019 1,504 x 1010 3,205 x 1010
June 1,048 x i0*° 3.330 x 10°  1.381 x 1010
July 2,623 x 100 7.171 x 10°  3.340 x 101°
August 1.689 x i0'° 2.138 x 10° 1,903 x 1010
September 3.945 x 10'° 2.677 x 107 4.213 x 10'°
October 8,028 x 1019 7.078 x 107 8.736 x 10°

November 2.475 x 107 1,626 x 10°  4.104 x 10°

December 7.566 x 107 7.830 x 10° 8,349 x 10’
TOTAL 2.349 x 1o'! 8.021 x 101% 3,151 x 10!!

1977
January 0
February 4.533 109 1.850 x 107 6.383 109
March 6.387 x 10° 2.606 x 10°  8.993 x 107
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Table 0.2. Estimated number of Polyonyx gibbesi entrained
by the Big Bend plant and by the dilution pumps
per month between January 1976 and March 1977.

# Entrained

# Entrained By Total #

Month

By Plant Dilution Pump Entrained
1976
Januery 1.841 x 106 0 1.841 x 106
February 1.024 x 107 0 1.024 x 107
March 1.770 x 10° 2.551 x 100 2,728 x 10'C
April 1.076 x 10°° 4.646 x 1010 5,722 x 10'°
May 4.765 x 10:° 2.105 x 101%  6.870 x 10%°
June 5.653 x 10° - 54757 x 10 0.410 x 10°
July 3.724 x 10° 1117 x 107 4.841 x 107
August 8.840 x 105 2,138 x 108 1.099 x 107
September 2.208 x 10%° 4.134 x 105 2.249 x 10'°
October 1,026 x 10°° 5.877 x 10°  1.095 x 10°°
November 6.640 x 10° 1.686 x 10% 6.809 x 10°
Decomber 1,071 x 107 5.860 x 10° 1.657 x 107
TOTAL 1.064 x 101 9.938 x 10°0  2.088 x 10*!
1977
January 0 i.446 x 106 1.446 x 106
February 0 4.900 x 105 4.900 x 105
March 0 2.961 x 105  2.961 x 10°
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follows a similar monthly pattern to that of Pinnixa sayana.

Entrainment is high from March through November, 1976. A total
of 1.09 x 1011 individuals were entrained by the plant and
9.938 x 1010 individuals by the dilution pump during 1976.

3) Upogebia affinis

The estimated monthly entrainment of U. affinis by the
dilution pump and by the plant for the period of January, 1976 -
March, 1977 is presented in Table 6.3. The third most abundant
species collected in the study area, this species also had the
third highest entrainment figure. Entrainment was high for this
species from March - October, 1976, A total of 4.464 x 1010
individuals were entrained by the plant, and a total of 2.341 x

1010 individuals were entrained by the dilution pump during 1976.

4) Neopanope texana

The estimated monthly entrainment of N. texana by the dilu-
tion pump and by the plant for the period of January, 1976 -
March, 1977 is presented in Table 6.4. The fourth most abundant
species collected in the study area, this species also had the
fourth highest entrainment figure. Entrainment was highest from
August - October, 1976. A total of 4.191 x 10'0 individuals were
entrained by the plant and 8.087 x 109 individuals were entrained
by the dilution pump during 1976,

5) Menippe mercenaria

The estimated number of M. mercenaria entrained monthly by

the dilution pump and by the plant from January, 1976 to March,
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Table 0:3. Estimated number of lpogebia affinis entrained
by the Big Bend plant and by the dilution pumps
oer month between January 1976 and March 1977.
Month ket & #EREE SIS etal #
y Plant Dilution Pump  Entrained
1976
January
February
March 7.748 x 10° 3.951 x 107 4.726 x i0°
April 1,082 x 1019 7.365 x 10 1.819 x 10%°
May 1.220 x 102°  6.750 x 107 1.895 x 10'°
June 3.206 x 109 1.501 x 10°  4.797 x 10°
July 2.167 x 10° 1.498 x 107 3.665 x 10°
August 6.889 x 10° 7.896 x 105 7.679 x 10°
September 7.352 x 10° 1.160 x 10° 8,512 x 10°
October 1.095 x 107 3.494 x 10°  1.444 x 10°
November 3.455 x 107 3.669 x 10/ 7.124 x 107
December 8.939 x 10° 5.140 x 10°  1.408 x 107
TOTAL 4.464 x 1010 2.341 x 101 6.805 x 101°
1977
January 2.892 x 10°  2.892 x 10°
February 2.963 x 107 3.523 x 10°  3.315 x 107
March 4.174 x 107 4.885 x 10°  4.663 x 10
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Table 6.4.

Estimated number of Neopanope texana

entrained
by the Big Bend plant and by the dilution pumps
per month between January 1976 and March 1977.

Month #ntraines  FETGRINT s
: Dilution Pump Entrained
1976

Janusry 0 0 0
February 0 0 0
March 1.668 x 105 3.736 x 105 5.404 x 10°.
April 9.108 x 10°  6.851 x 10° 1.596 x 10°
May 6.235 x 10°  4.061 x 10° 1.030 x 107
June 1,381 x 107 . 2.958 x 10° 1,677 x 10°
July 9.172 x 105 4.686 x 10° 1.386 x 107
August 1.221 x 1000 1,138 x 10° 1.335 x 1010
September 1.294 x 10°0 2,686 x 107 1,563 x 10'°
October 1.147 x 101% 1,409 x 107  1.288 x 10'°
November 1.037 x 107 5.215 x 10° 1.558 x 10°
December 2,534 x 10° 1,035 x 105 3.569 x 10°

TOTAL 4.191 x 10'°  8.087 x 107 5.000 x 10%°
1977
January 2.728 x 10  1.879 x 10° 4.607 x 10°
February 8.786 x 107  3.335 x 107 1.212 x 10°
March 1.231 x 100 4.648 x 107 1.696 x 10°
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1977 is presented in Table 6.5. Entrainment of this species was
highest in August and September, 1976. A total of 5.023 x 109
individuals were entrained by the plant and 1.989 x 109 indi-
viduals by the dilution pump during 1976,

6) Total Meroplankton

The estimated number of total meroplankton entrained each
month by the dilution pump and the plant is presented in Table
6.6. Entrainment was highest from April through October, 1976.
A total of 5.5413 x 1011 individuals were entrained by the dilu-
tion pump and 2.496 x 1011 individuals by the plant during 1976,
for a total of 7.809 x 1011 individuals entrained.

Since a variety of developmental stages were eintrained for
a given species in a given month, it was not poséible to assess
the impact of the entrainment of meroplankton species due to the
operation of the power plant without a knowledge of the survival

rates between stages.
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Table 6.5. Estimated number of Menippe mercenaria entrajned
by the Big Bend plant and by the dilution pumps
per month between January 1976 and March 1977.

Month #Intraineg K EnEsined
| Dilution Pump  Entrained
1976

January 0 0 0
February 0 0 0
March 6.455 x 10’ 1.779 x 10°  2.424 x 10%.
April 5.642 x 105 3.237 x 105 8.879 x 10%
May . 2.782 x 108 1,416 x 108 4.198 x 10.‘8
June 3.485 x 10° . 1.748 x 105 5.233 x 105
July 5.306 x 105 3.579 x 10°  8.885 x 108
August 1.025 x 107 2,105 x 10° 1.235 x 10°
September 1.742 x 107 4.965 x 105 2.238 x 10°
October 4.529 x 105 9,596 x 107 '5.489 x 10
November 1.585 x 107 9.525 x 10° 2.538 x 10/
December 0.729 x 10°  1.059 x 10°  2.032 x 10°

TOTAL 5.023 x 10° 1.989 x 10° 7.012 x 10°
1977
January 0 0 0
February 0 0 0
March 0 0 0
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Table 6.6. Estimated number of Total meroplankton entrained
by the Big Bend plant and by the dilution pumps
per month between January 1976 and March 1977.

Month i E;tgig::d % E“f;j'ned Tota! #
: Dilution Pump Entrained
1976

January 5.014 x 107 $.178 x 10° 5.832 x 10/
February 1,119 x 10° 0 1.119 x 107
March 9.379 x 10 4.843 x 100 . 5,781 x 10'°
April 7191 x 1020 8.850 x 10° 1,605 x 10"}
May 6 161 x 100 4.800 x 100 1.326 x 10*!
June 2.346 x 1070 1.066 x 100 3.412 x 10'C
July 4,120 x 1010 1.410 x 0% 5.539 x 10'°
August 5.286 x 1010 8.514 x 10° 6.137 x 10°°
September 1081 x 1081 1.277 x 10'® 1,209 x 10*?
OctobeE 1.177 x 1011 1.258 x 1010 "1.304 x 1011
NV ember 2.196 x 10°0  4.629 x 10’ 2.660 x 100
December 8,873 x 10° 1,337 x 107 1,021 x 10°°

TOTAL 5.413 x 1011 2.496 x 1011 7.909 x 1011
1977
January 2.652 x 10° 1.237 x 107 3.889 x 10°
February 8.759 x 107 4.110 x 100 1.287 x 1070
March 1162 x 100 5.453 x 10 1.707 x 10"°
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- SUMMARY AND CONCLUSI1ONS
1. The decapod crustaceans of the Big Bend area showed ma_jor
spawning peaks through the warmer months of the year. This pat-
tern is similar to that found in other studies along the north-
west coast of Florida. Some depression of breeding occurs during
the hottest part of the summer.
2. Most of the decapod larvae found in the study area are non-
commercial species whose adults are also residents of the area.

The stone crab, Menippe mercenaria, was common, and though a

minor fraction of the larvae, 7.012 x 109 zoea of this species
were entrained in 1976,

3. Estimates of invertebrate larvae other than decapod larvae
were not realistic as the mesh size of the net used in this study
allowed many of these larvae to escape.

4. It is not possible to quantify the impact of entrainment

of the larvae of any species on the adult population in the area
with the data available. Lack of published in#ormation on the
life histories of the meroplankton species collected at Big Bend
and the absence of studies of the mechanisms by which their popu-
lations are maintained (i.e. compensatory mechanisms of the
species, reproductive potential and strategies, etc.) were the
primary reasons for not being able to assess the significance

of the entrainment estimates, Also, absence of detailed current
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studies in the study area makes the estimations of the areal
extent of the sub-populations (which might be affected by the

entrainment of their larvae) difficult.

6-46



LITERATURE CITED

Avery, W.M., J. R, Leverone and R.H, Blanchet. 1977, Meroplankton, Chapter V|

Blanchet,

Blanchet,

Blanchet,

Blanchet,

Blanchet,

In Tampa Electric Company’s 30th Quarterly report

on the Big Bend thermal and ecological surveys,
Contains twenty-seventh Quarterly Report by Conserva-
tion Consultants, Inc. R, Garrity ed.

R. H. 1976a, Meroplankton, Chapter V| p. 318-337

In Tampa Electric Company, 26th Quarterly Report

on the Big Bend thermal and ecological surveys,
Contains twenty-third Quarterly Report by Conservation
Consultants, Inc. R. Garrity ed, 449 p.

R. H. 1976b. Meroplankton, Chapter VI, in

Tampa Electric Company, 27th Quarterly Report on

the Big Bend thermal and ecological surveys., )
Contains twenty-fourth Quarterly Report by Conserva-
tion Consultants, Inc. R. Garrity ed. 440 p.

R. H. 1976c. Meroplankton, Chapter V| p. 70-77
In Ecological Studies at Beacon Key Tampa Bay,
Florida. 23rd Quarterly Report to Tampa Electric
Company by Conservatijon Consultants, |nc.

R. Garrity ed. 92 p.

R. H. 1977a. Meroplankton, Chapter VI p. 480-490
In Tampa Electric Company, 28th Quarterly Report on
the Big Bend thermal and ecological surveys,
Contains Twenty-fifth Quarterly Report by Conserva-
tion Consultants, Inc, R. Garrity ed. 651 p,

R. H. 1977b. Meroplankton, Chapter VI p. 451-496
In Tampa Electric Company, 29th Quarterly Report

on the Big Bend thermal and ecological surveys,
Contains Twenty-sixth Quarterly Report by Conserva-
tion Consultants, Inc. R. Garrity ed. 666 P

6-47



Cairns, John Jr., Alan G. Heath, and Bruce C. Parker. 1975.
The effects of temperature upon the toxicity of
chemicals to aquatic organisms. Hydrobiologia

47(1):135-171.

Chace, Fenner A. Jr. 1972, The Shrimps of the Smithsonian -
Bredin Carribean Expeditions with a Summary of the
West Indian Shallow-water Species (Crustacea:
Decapoda: Natantia). Smithsonian Contributions
to Zoology, 98:179 p.

Clark, J. and W, Brownell, 1973. Electric power plants in
the coastal zone: environmental issues. Amer,
Littoral Soc. Spec. Publ. No. 7. 125 p.

Costlow, J« D., Jr. and C. G. Bookhout. 1962. The effect
of environmental factors on larval development of
crabs, Biol. Probl. in Water Pollut. 3rd Seminar.

77-86.

Costlow, J. D., Jr., and C. G. Bookhout. 1971. The effect
of cyclic temperatures on larval development in
the mud-crab Rithropanopeus harvisii. p. 211-220
in D. J. Crisp (ed.). Fourth European Marine
Biology Symposium. Cambridge University Press.

Costlow, J. D., Jr., C. G. Bookhout, and R. J. Monroe. 1966.
Studies on the larval development of the crab,
Rithropanopeus harvisii (Gould). 1. The effect of

salinity and temperature on larval development.
Physiol. Zool. 39:81-100.

Fogeringham, N. and R. A. Bagnall. 1976. Seasonal variation
in the occurrence of planktonic larvae of sympatric
hermit crabs. J. Exp. Mar, Biol. Ecol. 21:279-287,

Gurney, R. and M, V. LeBour. 1939, The larvae of the decapod
genus Naushonia Ann. Mag. Nat. Hist. 11(3):609-614.

Hopkins, T. L. 1966. The plankton of the St. Andrew Bay

System, Florida. Publ. Inst. Mar. Sci. Univ,
Texas 11:12-64.

6-438



Kelly, J. A., Jr. and A. Dragovich. 1967. Occurrence of
macrozoop lankton in Tampa Bay, Florida, and the
adjacent Gulf of Mexico. U,S, Fish and Wildl.
Serv. Fish. Bull. 66(2):209-221, -

Lauer, G. J., W. T. Waller, G. R. Lanza. 1975. Interfaces
of steam electric power plants with aquatic
ecosystems. Envir, Letters 9(4):405-430.

Lyons, W. G., S. P. Cobb, D. K. Camp, J. A. Mountain, T.
Savage, L. Lyons, and E. A. Joyce, Jr. 1971.
Preliminary inventory of marine invertebrates
collected near the electrical generating plant,
Crystal River, Florida in 1969. Florida Dept.
of Natural Resources Marine Research Laboratory,
Professional Papers Series No. 14, 45 p.

Rouse, Wesley L. 1969, Littoral crustacea from southwest
Florida., Quart. Jour. Florida Acad. Sci. 32(2):
127-152,

Sandifer, P. A. 1972, Larval stages of the shrimp Ogyrides
limicola Williams 1955 (Decapoda, Caridea) obtained
in the laboratory. Crustaceana 26(1):37-60.

Sandifer, P. A. 1973. Distribution and abundance of decapod
crustacean larvae in the York River esturay and
adjacent lower Chesapeake Bay, Virginia, 1968-1969.
Ches. Sci. 14(4):235-257.

Sandifer, P. A. 1975. The role of pelagic larvae in
recruitment to populations of adult decapod crusta-
ceans in the York River estuary and adjacent lower
Chesapeake Bay. Estuarine and Coastal Mar, Sci.

3:269-279.

¥

Tabb, D. C. and R. B. Manning, 1961. A checklist of the
flora and fauna of northern Florida Bay and adjacent
brackish waters of the Florida mainland collected
during the period July, 1957 through September, 1960,
Bull. Mar. Sci. Gulf and Carib., 11(4):552-649.

6-49



Tagatz, M. E. 1968, Biology of the blue crab, Callinectes
sapidus Rathbun in the St. Johns River, Florida,.
U.S. Fish and Wildl, Serv. Fish, Bull. 67:17-33.

TECO. 1975. Addendum to the Prospectus (Oct. 21, 1975).

Thorhaug, A,, H. B, Moore, and H. Albertson, 1971. Labora-
tory thermal tolerances., p. XI-1 to X1-33 In:
Bader, R. G. and M., A. Roesslepr (principal Tnvestij-
gators). An ecological study of South Biscayne
Bay and Card Sound, Progress Report to u.s.
A.E.C. and Fla. Power and Light Co. July, 1971,

Vargo, S. L. and A, N. Sastry., 1977. Acute temperature and
low dissolved oxygen tolerances of brachyuran crab
(Cancer irrovatus) larva. Mar. Biol. 40:165-171,

Vernberg, F. J. and W. B. Vernberg., 1974. Synergistic
effects of temperature and other environmental

parameters on orgnaisms. p, 94-99, In:  Thermal
Ecology, Technical Information Center, Office

of Information Services, U.S, Atomic Energy
Commission., 670 p.

Wass, Marvin L. 1955, The decapod crustaceans of Alligator
Harbor and adjacent jnshore areas of northwestern
Florida. Quart. Jour. Fla. Acad. Sci. 18(3):
129-176,

Williams, Austin B, 1965. Marine decapod crustaceans of the
Carolinas. Fish., Bull, U.S. Fish and Wildl, Serv.
65(1):i-xi, 1-298,

Williams, Austin B, 1971, A ten-year study of meroplankton
in North Carolina estuaries: Annual occurrence of
come brachyuran deveiopmental stages. Ches, Sci.

12(2):53-61,

6-50



APPENDIX 6.A
KEY TO THE LARVAL DECAPODS
OF THE
LOWER HILLSBOROUGH BAY, TAMPA, FLORIDA

Antennal scale present..............,.....................1

Ar\tenl]al SCalc absent!-n ----- UlllIII.‘I.III'IIIIIIilllIlIl38

1.

Ur'OpOdS pl"CSent---n------u--------------------.----:-22

Ul"OpOdS absentlll'!lllllliillllllﬂl.ll-llllllullillnliz

Single medial telson spinc present (Fig. 3A)cc-vv.ceeal

Singlc "]edial telson Spine absen‘t....---------'--------7

Medial telson spine largestiivesconticennnsnvnancnnsnsnsd

Medial telson spine minute.....s«.Upogebia affinis (1)

Prominent dorsal spine or spines on abdomen..veaceuncesb

"Small dorsal spines on each segment of abdomen

--....--..l.-'.l—lll"lll.l‘l..l.ll'..callian(—{ssa sp-D

Telson spine arrangcment_16—18+1+16—18................6
Telson spine arrangement 7-9-+1+7-9

llll“l.'.llllll'.ll-.llIII.IIIIIIIC(IIIia']E‘SSE] sp- A(l)

Maxillipeds with 13-15 natatory setac

---..-----.a..-.--.-.----u-..-....Callianassa Sp- C(‘)

Maxillipeds with five natatory setac

G-lll-Hlllllllllllll’uIOICU-l-u.-llcalli"‘l]'nss;‘ Spl B(l)

Carapace with prominent spincs on posterior margin;

spine four of telson largesta...ovevenn. U PR S (1
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10,

11,

12,

13-

14.

Carapace margin lacking postcrior SpineS.eeeereescceead
Lateral margin of telson with subterminal notch and
associated spine (Fig. K] 525 Y o
Telson with all spines on distal margin (Fig. 3A)

'I.-lll!-lllll.l.l.llllllllIIIIIIlllllpoqebia aFFiniS (l)

Proximal end of antennules separated from each other

by at least width of antennule....................;..10
Proximal end of antennule separated by less than

width of antcnnule..............!.........;..........12'
Dorso-lateral spines present on fourth and fifth

abdominal segments (Fig. 3C).ucvueevnreennccnnneennnnoll

.No spines present on fourth abdominal segment,.......17

Telson longer than width; antennules recurve

H'Ill'll.'l.l-l-llIIIllI.l..llIAml)idextel‘ ﬂn]met"icus?

-

. Telson as wide as long; antennules straight

PrsmssssramssssEsbtvensesrarunccnsunnnsunsPlrOCESSa SPp. ?
Telson spine length equal except inner pair of
spines in stage ll....iveinnneernnnennrrcancrnsnannnnsll
Telson spine length unequal.iciiineieninernnnnnonnsesl?
One ventral carapace spine present posterior to

acute pterygostomian rcgion (Fig. 3D) Ogyrides limicola

Ventral carapace spine absent.i.iuiieieeinnivnnnnnnnee. 14

Distal margin of telson straight (Fig. K13 I |1
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15,

16.

17.

18.

19.

20.

21,

Distal margin of telson slightly CONCAVC. s ursanmuwnes,lb

Stage | total length 3.5 mmu... Palacmonetes intermedius

Stage | total length 2.6 mm ..........Palacmonetcs'pugio

-.I'-.-'IIIIUIII.OUIIIIIIl.l.'ll.'lll..l.ll.'o’5 vu'qar‘is
[ N S S e

Telson width (stage 1) 400 P renvewuPalacmon floridanus?

Telson width (stage 1) 300 HerveeaewweuPericlimenes spp.

Abdomen with prominent dorsal spine JTozeuma carolinense

Abdomen without prominent dorsal SpPiNeuieeviunannsene.18
Anterio-ventral margin of carapace denticulate.......19
Anterio-ventral margin of carapace smooth.....vuv....21

Telson with three or more lateral spines (Fig 3K)

merresesssrssseasssscassns-aannssleptochela serritorbits

Telson with less than three lateral spinesui.iviene...20 "

Rostrum triangular at base, becoming acuminate, ex-~

tending be)'ond eyes lllf.-l:t.-lu-l-l----HiEZBO'ZtQ spp.

Rostrum reduced and not extending beyond eyes

.l---ll-!l-ll-lnnuuuunln----a---u----n.Thor' 'Flor‘idanUS?

Eyes taper to point anteriorly; in second stage fifth
pair of legs greatly elongated ....Alphecus spp. (5 sp?)
Eyes spherical, fifth pair of legs equal to fourth in

length Trwscrescssccreorrnenonnseaeeae Latreutes parvulus

Small dorsal spinc present on last abdominal scgment

..--.--------.-.---.-.--.-.-----.---.-u-.lUCi'FCI‘ 'F(l.\'oni

Small dorsal spinc abscnt on last abdominal segment 23
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23-

24.

25.

26.

28.

29,

30.

Single medial telson spine present......Upogebia affinis

Singlé medial telson spine absent.....................24
Carapace with prominent spines on posterior margin,., .64
Carapaqe lacking spines on posterijor MargiN.ssssvenseeal
Third leg chelatesssecucsan. s Penacidae (See Cook, 1966)
Third leg simplc......................................26
Epigastric Spine(s) present........l..................27
Epigastric spine(s) absent............................29

Abdomen with prominent dorsal spine Palaemon florijdanus?

Abdomen léCking.dOPSal SpineS.-..--..-----------...;..28

Stage VI total length 6.8 mm... Palaemonetes intermedius -

Stage VI total length 3.7 mm.v.esuu.. Palaemonetes pugio

I.-IlII.lIlIl'll-lII;II"IIIIIIIII.IIUIIII.Il.or‘ VU'gal"iS
e e

Carapace with one spine posterior to acute

pterogostomian region (Fig. 3D)........09yrides limicola

Ca?apacc Otherwise..........-.-..-..--;--;------.-..-.30
Posterio-ventral margin of carapace with distinct hook;
Stages |V -~ post-larvae, rostrum compressed laterally

-uu-.g------------------------------.gLatr‘CllteS E}i\l‘\’U'US

Rostrum otherwise; posterio-ventral margin of carapace
sn]ootl]ﬂl--l.-ﬂ.'--l.-...‘l.-.....'ﬂ-.-'-.'.....-'-...-31

Fifth pair of legs extremely clongate o..... Alphcus spp.

Fifth pair of legs othcrwisc..........................32
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32,

33,

34.

35«

37«

38.

39.

Proximal end of antennules separatcd from each other

by at least width of antennUlCucsesenenasnrasnsansnnnadd
Antcnnulces othcrwisp...............................-..34
Dorso—lateral spines present on fourth and Fifth

abdominal segments...........................Processidae
No spines on fourth abdominal scgment.ecwaaenennssssaexdd

Prominent dorsal spine on abdomen ... Tozcuma carolinense

Dor‘saJ Spine |aCking--.--.------------------:-----.--.35

Posterior margin of telson convex

u------l----:l-:---l-lnn----n-unul-eptOChela Ser‘r‘i‘torbi‘ta

Telson Other‘\\'isesunuu-.--:u-l----ul-l--.-------ll----u.36

‘Antcrio—ventral margin of carapace denticulateseuueusenld?

Anterior-ventral margin of carapace smooth

---------llll--l-l-l-------:---.--q-nuupcpiciimenes SppP .

Rostrum broad at base, becoming acuminate and extending
beyond C)’cs.--------------lu-ltl---;------HiEEo'zte Spp.
Rostrum a short triangular process and not extending

beyond e)’es ------------.--.-..--.--....Thor‘ Flopidanl]S?

ur‘op()ds pr‘esentl-lllllllilll-llcllll-lll-llll-ll--|-1-64

Ur‘o[.)o(ls absel‘t.'-lll--ll--.l---'-l-l----..-.-.-.-....-39
Thrce spincs on postcrior margin of carapacc

Illlllllllll!llllllllll'llllllnlllllll.l.'l-\‘cif(‘-r‘ Faxoni

Cat*c\pucc Othcr\‘liscnnnn-------n--u-nn----n-----l---l-ul40
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40.

41,

42,

43.

44.

45.

46,

47.

48.

49.

Lateral spines present on COPOPACC e s s v uenssasnsnssneadh
Lateral spines absent on CarapacCCuassvasnrunnasnneesensdl
Rostrum at least 2X CarapPACCeasaussvunnssnnsacnnnncasnsd?
Rostrum less than 2X CaAraAPACC s s wwannvneunnnnansnwnnnssd2

Lateral spines present on telson..c.........Libina dubia

Lateral spines absent on telsonuuussssrunnuveecencnes 43
Antennae exopodite at least 3/4 ros?ral length

T T 13 P
Antennae exopodite rarely 1/2 rostral length... Uca spp.

Carapace length .5 Mileeeuesns.nssSesarma reticulatum (1)

Carapace length .3 mm...............Sesarma cinerecum (1)

Antennae as iong or longer than rostrum............,..45
Antennae shorter than rostrgm................;........52
Lateral spines present on telSoNu.uceaveevssvecncnnenees’0
Lateral épines absent on tclson...........;.i.........47
Minute dor§a| spine present on each furca of teclson
(Fig. K T
Minute dorsal spine absent on furcae.iuivnciennennnneeadd
Dorsal spine of carapace with distinct hook

n-----------:------..--.--:-----..Elll‘yp(\nopclls d(-‘.pl‘cssus

Dorsal spine of carapace straight.......Ncopanopc texana

Large spines on Tourth abdominal scgment

Ill.l-lllll!'llllllll!llllllllIIlRit']l‘(‘[)‘jnO[‘Ql'S hﬂ“"iSii

Abdominal spincs equal in length

B % AT NS ERES KD DN EDENER NSO N RG R H(‘XUPUHO_'LN‘-US nl\{llls;tirl‘on‘:‘-
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50.

51'

52.

53'.

54.

55.

56.

s -

Rostrum shorter than antennae............. Pilimnus spp..

Rostr‘uln other“qise'l'.....--.--"I.-ﬂllIl..-'l'.'.-..-'.sll
Small hair present adjacent and distally to lateral

telson spine (Fig. 36) v.cevusscausesns Panopeus herbstii

Telson with single lateral spinecesceescusses Portunidae
Minute dorsal spine present on each furca of.telson
fbecevasencannsannnesssnenuses-esssUnknown Brachyuran A
Minute dorsal spine absent on furcae.....;....,......,53
Dorso~!lateral spines present on cach segment of

abdOmEN, sossvansnsnsssnnnssnen=nsssesasMenippe mercenaria

Dorso-lateral spines absent on abdomen..eussessvanswsedd
Fifth abdominal segmént compressed laterally into

lappets (Fige 3H)uuuue vunnranusnansenscncsnnsncunncnsdd
Fifth abdominal segment otherwise.......;......;g.....56

Telson with median deltoid process (Fig. 3H)

lBllﬂllllllllllllllllllllllllul'l!lpinr‘ixa Chaetop’tel‘ana

Telson without median deltoid process.... Pinnixa sayana

Telson bi‘Fur’catel-....ﬂ-'-.-..-.‘.--.'--.-.l.l.--'-.'.57
Telson broad with 5-6 spines medially

uu--...n.-----.-..-------...---.....-PCI"S(—‘phonO E}H’\C‘tata

Carapacc spines equal to carapace length

u'uun--u---l--llilllul.un:n.n-y--.-Pinnothci‘cs macu'n‘tlls

Carapace spines less than carapace length

---a--.-.-....--..--..-..-----.n-.u-.-.Pinnoth(‘l‘cs Sp. A

6-57




58.

59.

60»

61,

62.

63,

64.

65,

66.

Telson spine lcngth as long as £ClSONMeesureunanrneess§9
Telson with short spinesecsscecivcecscenancesesvAlbuneidac
Exopodite of antennae as long as endopodites.sonenu...60
Endopodite of antcnnae longer than exopodite{.........ﬁz
Telson with two short medial spurs (Fige 31)uvucneenn 61
Telson with median free of spurs (Fig. 3J4)

--------.---.--...-..--..-..-..-...m...PCtPOIisthes Spp.

Spines present on postcrior margin of carapace

..lll.ll..'lll-l.-l.llllllllllllll.-Eucer‘amus pr‘ae'ongus

Posterior margin of carapace bare of spines

.llll‘-.l.l-llllllI...lllllIIII-IIIII-IIPOIYOnyx S_ibbesi

Telson With tWO long medial SpineS...----.----------.-63

Telson with single median spine .......Petrolijsthes SppP «
Carapace with spines on posterior margin

----p----u-------u:--'-------n------Euceramus Qraelongus

Carapace margin bare of spines Polyonyx gibbesi

Small dorsal spine present on last segment of abdomen

II-UII.II-IIIl..lll.ll.l.l'.ll..II.I.-.IIILllCiFer Faxoni

No dorsal spine present on last segment of abdomen....65
Posterior carapace spines pointed ventrally...ovenu.. 66
Posterior carapace spincs pointing posteriorly

Sescevssrianataettate ssacnessnsssssenanassPagurid sp, A

Latceral abdominal spincs equal in lengthewiveenvaneen67
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67.

PR

Lateral spines of fifth abdominal segment 2X length of

others ....iiviiiiiiineniincesonnens. Paqurus longicarpus

Carapace length .9-1.3 mm......... Pagurus annul ipes (I)

Carapace length 1.6 mm.,.....,... Pagurus pollicaris (1)
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Figure 1.

(Modified after Gurney, 1936)

a. rostrum b. antennal scale c. antennule
d. pterygostimian region e, epigastric spine

f. telson g. uropods
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Figure 2.

(After McMahan 1967)

antenna b. antennule c. endopodite of antenna

d. maxilliped ec.

lateral carapace spine

£, dorsal carapace spine g. telson furcae

h.

rostrum
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Appendix 6.B. Species list, density and relative
abundance for all meroplankton collected
at Big Bend area from January 6, 1976
to March 11, 1977,

Species #/m3 % Total
Pinnixa sayana 148.41 34.70
Polyonyx gibbesi 120.95 28,28
Upogebia affinis 46.05 10.77
Neopanope texana 18.94 4.43
*Gastropoda 12,69 2,97
Hexapanopeus angustifrons 10.78 2.52
Pinnixa chaetopterana 8.78 2.05
*Balanus sp. 7.26 1.70
Ambidexter symmetricus | 5.21 1,22
Xanthidae (damaged) 5.06 1.18
Alpheidae sp. A 4.65 1.09
Periclimenes spp. 4.23 <1.0
Eurypanopeus depressus 3.66
Grapsizoea spp. 3.15
Uca spp. 2.83
Menippe mercenaria 2.31
Pinnotheres maculatus 2.26
Persephona punctata 1.94
*Brachiopoda 1,69
*Spionidae 1.49
Ogyrides limicola 1.32
Echinodermata 1,09
Pelecypoda 0.93
Latreutes parvulus 0.925
Panopeus herbstii 0.838
Petrolisthes spp. 0.830
Porcellanidae (damaged) 0.732
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Appendix 6.B., Continued,.

Species #/m3 % Total

Caridea (damaged) 0.678
Hippolyte spp. 0.615
Pagurus longicarpus 0.575
*Nereidae 0.474
Sesarma cinereum 0.460
Decapoda (damaged) 0.450
Paguridae sp. A 0.381 <0.1
Alpheidae sp. C 0.368
Sesarma reticulatum 0.362
Alpheidae (damaged) 0.348
Processa spp. 0.338
*Polychaeta 0.305
Rithropanopeus harrisii 0.262
Palaemonetes intermedius 0.253
Pinnotheridae (damaged) 0.247
Palaemonidae (damaged) 0.228
Libinia dubia 0.200
Squilla sp. 0.195
Palaemonetes spp. 0.151
Urochordata 0.140
Brachyura (unidentified) 0.123
Hippolytidae (damaged) 0.122
Neopanope packardii 0.103
Leptochela sp. 0.101
Alpheidae sp. B 0.098
Megalops (unidentified) 0.094
Periclimenes americanus

(postlarvae) 0.075
Palaemonetes pugio/vulgaris 0.059
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Appendix 6.B. Continued.

Species #/m3 % Total
Palaemonidae sp. C 0.058
Portunidae sp. A 0.053
Alpheidae sp. D 0.048
Palaemon floridanus 0.047
Callianassa sp. A 0.046
Tozeuma carolinense 0.046
*Polynoidae 0.043
Pinnixa sp. A 0.043
Pagurus annulipes 0.039 < 0.01
Pinnotheres sp. A 0.038
Brachyura sp. A 0.031
Processidae (damaged) 0.029
Callinectes sp. A 0.029
Hippolytidae sp. b 0.029
Callianassa sp. D 0.025
Paguridae (damaged) 0.023
Penaeus duorarum 0.022
Euceramus praelongus 0.020
Aegathoa 0.020
*Phoronida 0.019
Zoea (unidentified) 0.015
Callianassa sp. C 0.014
Paguridae sp. C 0.012
*Flabelligeridae 0.012
Pinnotheres sp., B 0.012
Postlarvae (unidentified) 0.010
*Syl | idae 0.010
Brachyura sp, B 0.008
Callianassa sp. B 0.007



Appendix 6.B. Continued

Species #/m3 % Total
Leptochela serritorbita 0.007
Leucosiidae (damaged) 0.007
Hippolytidae sp. B 0.006
#*Bpranchiostoma caribaeum 0.006
Majidae (damaged) 0.006
Palaemonidae sp. B 0.005
Periclimenes longicaudatus

(postlarvae) 0.005
Grapsizoea sp. A 0.005
*Limulus polyphemus 0.005
Portunidae (damaged) 0.004 < 0.001
Thor floridanus 0.003
Grapsidae (damaged) 0.003
Pinnixa sp. B 0.003
Hippolytidae sp. A 0.002
Hippolyte zostericola

(postlarvae) 0.002
*Qrbiniidae 0.002
Alpheidae sp. E 0.002
Pagurus pollicaris 0.002
Alpheus sp. (postlarvae) 0.002
Alpheus heterochaelis

(postlarvae) 0.001
Porcel lana sayana - 0.001
Leander sp. 0.001
Naushonia sp. 0.001
Penaeidae (damaged) 0.001
Callianassidae (damaged) 0.001
*Cirratulidae 0.001
Callinectes sapidus (postlarvae)0.001
TOTAL 427.706
#Qualitatively sampled
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Appendix 6C-1. Estimated Number of Meroplankton Entrained
During January, 1976,

# Entrained

# Entrained By Total #
Species By Plant Dilution Pump Entrained

Decapoda

Unidentified 2.046 105 0 2,046 x 105
Palaemonidae

Unidentified 2,251 106 1.983 x 105 2,251 x 106
Caridea

Unidentified 4.502 x 106 4.956 x 105 4.998 x 106
Porcel lanidae

Polyonyx gibbesi 1.841 x 106 0 1.841 x 106

Unidentified 2.046 x 10° 0 2.046 x 10°
Paguridae

Pagurus annulipes 4.092 105 9.913 x 104 5.083 x 105

Pagurus longicarpus 2,762 x 107 5.948 x 106 3.357 x 107

Pagurus pollicaris 4.002 x 105 4.002 x 105

Unidentified 4.092 105 4.002 x 105
Xanthidae

Unidentified 1.208 x 107 1.437 x 10°  1.352 x 107
I sopoda

Aegathoa sp. 2,046 x 10° 0 2.046 x 10°
TOTAL 5.014 107 8.178 x 106 5.832 x 107
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Appendix 6C-2.

Estimated Number of Meroplankton Entrained

During February, 1976.

# Entrained

# Entrained By Total #
Species By Plant Dilution Pump Entrained

Decapoda

Unidentified 2.310 x 10% 0 2.310 x 10
Palaemonidae

Unidentified 5.778 x 10° 0 5.778 x 10°
Caridea

Unidentified 2.786 x 10 0 2.786 x 107
Porcellanidae

Polyoyx gibbesi 1,024 x 107 1.024 x 107

Unidentified 4.231 x 106 4.231 x 106
Paguridae

Pagurus annulipes 4.620 x 104 0 4.620 x 104

Pagurus longicarpus 2.561 x 10 0 2.561 x 10

Pagurus pollicaris 4.620 x 10* 0 4.620 x 10

Unidentified 4.620 x 10% 0 4.620 x 10
Xanthidae

Unidentified 9.901 x 108 0 9.901 x 108
Pinnotheridae

Pinnixa sayana 5.516 x 10g 0 5.516 x 1og

Unidentified 1.618 x 10 0 1.618 x 10
Majidae . 6 6

Libinia dubia 1,618 x 10 0 1.618 x 10
| sopoda

Aegathoa sp. 1.642 x 106 0 1.642 x 106
TOTAL 1,119 x 10° 0 1.119 x 10°
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Appendix 6C~3. Estimated Number of Meroplankton Entrained

During March, 1976,
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Stomatopoda

Squilla sp. 0 4.156 x 106 4.156 x 106
Decapoda

Unidentified 4.170 x 107 8.428 x 107 1.260 x 108
Palaemonidae

Periclimenes spp. 5.932 x 106 1.361 x 108 1.420 x 108

Palaemonetes spp. 5.932 x 106 8.309 x 106 1.424 x 107

Unidentified 2.023 x 107 4.156 x 106 2.439 x 107
Alphe idae

Unidentified sp. A 2.146 x 108 1.936 x 108 4.082 x 108

Unidentified sp. B 0 7.054 x 107 7.054 x 107

Unidentified sp. C 4.983 x 106 4.156 x 106 9.139 x 106

Unidentified sp. D 1.987 x 107 8.309 x 106 2,818 x 107

Unidentified 2.965 x 106 2,733 x 107 3.029 x 107
Hippolytidae

Hippolyte spp. 0 8.309 x 106 8.309 x 106

Unidentified sp. B 0 9.507 x 106 9.507 x 106

Unidentified sp. C 0 4.156 x 106 4.156 x 106

Unidentified 0 4.156 x 106 4.156 x 106
Processidae

Ambidexter symmetricus 2.283 x 107 1.170 x 108 1.398 x 108
Caridea

Unidentified 2.520 x 107 1.254 x 10’  3.774 x 10’
Calliannasside

Upogebia affinis 7.748 x 10°  3.951 x 107  4.726 x 10°

Unidentified sp. C 4.983 x 106 0 4.983 x 106



Appendix 6C-3. Continued.

# Entrained

# Entrained By Total #
Species By Plant Dilution Pump Entrained

Porcel lanidae

Petrolisthes spp. 0 4.156 x 106 4.156 x 106

Polyonyx gibbesi 1.770 x 10 2.551 x 100 2,728 x 10'°

Unidentified 2.772 x 10/ 1.247 x 10’ 4.019 x 10
Paguridae

Pagurus longicarpus 4.754 x 107 1.635 x 108 2.110 x 108

Unidentified sp. A 6.199 x 107 6.199 x 107

Unidentified 4.156 x 106 4.156 x 106
Leucosiidae

Persephone aquilonaris 3.878 x 107 1.426 x 108 1.814 x 108
Portunidae

Unidentified sp. A 0 4.156 x 106 4.156 x 106
Xanthidae

Eurypanopeus depressus 1.311 x 108 6.504 x 108 7.815 x 108

Hexapanopeus angustifrons 1.321 x 108 8.428 x 108 9.749 x 108

Menippe mercenaria 6.453 x 107 1.779 x 108 2.424 x 108

Neopanope texana texana 1,668 x 108 3.736 x 108 5.404 x 108

Panopeus herbstii 1.690 x 10 0 1.690 x 107

Unidentified 1.027 x 100 5.192 x 105 1.546 x 10°
Pinnotheridae

Pinnixa chaetopterana 3.777 x 107 3.016 x 108 3.394 x 108

Pinnixa sayana 4.660 x 109 1.453 x 1010 1.919 x 1010

Pinnotheres maculatus 5.932 x 106 0 5.932 x 106

Unidentified 1.145 x 107 3.324 x 107 4.469 x 107
Grapsizoea SpPs 7.645 x 107 3.987 x 108 4.752 x 108
Majidae

Libinia dubia 9.439 x 106 0 9.439 x 106
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Appendix 6C-3.

Continued.

# Entrained
# Entrained By Total #
Species - By Plant Ditution Pump Entrained
Brachyura
Unidentified 0 4.156 x 106 4.156 x 106
Mol lusca
Gastropoda 4.983 x 10° 4,753 x 107 5.252 x 107
Pe lecypoda 4.983 x 106 0 4.983 x 106
| sopoda
Aegathoa sp. 1.492 x 106 0 1.492 x 106
TOTAL 9.379 x 10°  4.843 x 10'° 5,781 x 101°
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Appendix 6C-4.

During April, 1976,

Estimated Number of Meroplankton Entrained

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Stomatopoda

Squilla sp. 2,717 x 10/ 1.097 x 10’  3.814 x 10
Decapoda

Unidentified 1,112 x 108 1.572 x 108 2.684 x 108
Palaemonidae

Periclimenes spp. 2.138 x 108 2.501 x 108 4.639 x 108

Palaemonetes spp. 1.582 x 107 1.578 x 107 3.160 x 107

Unidentified 8.031 x 107 9.313 x 106 8.962 x 107
Alphe idae _

Alpheus heterochaelis 0 3.818 x 10S 3.818 x 105

Unidentified sp. A 1.360 x 109 3.586 x 108 1.719 x 109

Unidentified sp. B 0 1,266 x 108 1.266 x 108

Unidentified sp. C 5.207 x 107 7.404 x 106 5.947 x 107

Unidentified sp. D 5.298 x 107 1.971 x 107 7.269 x 107

Unidentified 4.669 x 10’ 5.636 x 107 1.030 x 108
Hippolytidae

Hippolyte spp. 1.049 x 108 1.548 x 107 1.204 x 108

Tozeuma carolinense 2.717 x 107 0 2,717 x 107

Unidentified sp. B 1.693 x 107 1.693 x 10’

Unidentified sp. C 7.785 x 106 7.785 x 106

Unidentified 7.627 x 106 7.627 x 106
Processidae

Ambidexter symmetricus 1.269 x 108 2,135 x 108 3.404 x 108
Caridea |

Unidentified 0 2.672 x 107 2.672 x 107
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Appendix 6C-4.

Continued

. # Entrained
Species #Bsn;T:;:ed Dilut?zn Pump EI::::nfd

Callianassidae

Upogebia affinis 1.082 x 1010 7.365 x 109 1.819 x 1010

Unidentified sp. C 1.329 x 107 0 1.329 x 107
Porcel lanidae

Petrolisthes spp. 7.772 x 107 8.549 x 106 8.627 x 107

Polyonyx gibbesi 1.076 x 10'0  4.646 x 1019 5,722 x 1010

Unidentified 6.358 x 107 2.515 x 107 8.873 x 107
Paguridae - .

Pagurus longicarpus 1.764 x 108 2.914 x 108 4.678 x 108

Unidentified sp. A 1.109 x 108 1.100 x 108

Unidentified 7.404 x 10°  7.404 x 10°
Leucosiidae

Persephone aquilonaris 5.617 x 108 2,589 x 108 8.206 x 108
Portunidae

Unidentified sp. A 0 8.383 x 106 8.383 x 106
Xanthidae

Eurypanopeus depressus 1.445 x 109 1.175 x 109 2,620 x 107

Hexapanopeus angustifrons 1.374 x 109 1.512 x 109 2.886 x 10°

Menippe mercenaria 5.642 x 108 3.237 x 108 8.879 x 108

Neopanope texana texana 9.108 x 108 6.851 x 108 1.596 x 109

Panopeus herbstii 2.974 x 108 7.637 x 105 ©2.982 x 108

Rithropanopeus harrisii  3.879 x 10’  3.818 x 10°  3.917 x 107

Unidentified 5.507 x 108 9.355 x 108 1.486 x 109
Pinnotheridae

Pinnixa chactopterana  2.326 x 107  5.733 x 10°  2.899 x 10°

Pinnixa sayana 3.728 x 100 2.661 x 101  6.389 x 10'°

Pinnotheres maculatus  9.734 x 10/ 2,190 x 10°  9.953 x 10’

Unidentified 2.657 x 10/ 5.943 x 10  8.600 x 10’
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Appendix 6C-4.

Continued

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Grapsizoea spp. 1.528 x 10°  7.708 x 105 2.299 x 10°
Majidae
Libinia dubia 8.716 x 107 0 8.716 x 107
Brachyura
Unidentified 2.717 x 107 7.404 x 106 3.457 x 107
Mol lusca
Gastropoda 4.949 x 108 8.717 x 107 5.821 x 108
Pe lecypoda 1.687 x 108 1.527 x 106 1.702 x 108
Cirripedia
Balanus sp. 0 3.047 x 106 3.047 x 106
Polychaeta |
Spionidae 6.053 x 105 6.053 x 105
Brachiopoda 1.145 x 106 1.145 x 106
Echniodermata
Ophiuroidea 0 5.453 x 10°  5.453 x 10°
TOTAL 7.191 x 10'°  8.859 x 10'? 1,605 x 10!

6-79

r

v
Y




Appendix 6C-5. Estimated Number of Merop lankton Entrained
During May, 1976.

# Entrained
# Entraiped By Total #
Species By Plant Dilution Pump Entrained

Stomatopodg

Squilla sp. 1.223 x 107 7.369 x 107 8.502 x 10’
Decapoda

Unidentified 5.071 x 107 1.466 x 108 1.973 x 108
Palaemonidae

Periclimenes spp. 3.108 x 108 1.596 x 108 4.704 x 108

Palaemonetes spp. 1.701 x 107 2,025 x 107 3.726 x 107

Unidentified 1.223 x 107 3.945 x 107 5.168 x 10
Alphe idae

Alpheus heterochaelis 0 7.890 x 106 7.890 x 106

Unidentified sp. A 4.731 x 108 2.844 x 108 7:575 x 108

Unidentified sp. B 0 2.025 x 107 2.025 x 107

Unidentified sp. C 1.745 x 10 0 1.745 x 10’

Unidentified sp. D 0 1.014 x 108 1.014 x 108

Unidentified 2,206 x 108 1.587 x 108 3.793 x 108
Hippolytidae

Hippolyte spp. 4.720 x 107 1.400 x 10 6.120 x 107

" Tozeuma carol ineuse 1.223 x 107 0 1.223 x 107

Unidentified sp. C 0 7.890 x 106 7.890 x 106

Unidentified 1.701 x 107 4.615 x 106 2,163 x 107
Processidae

Ambidexter symmetricus 2,968 x 107  1.064 x 10°  1.361 x 108

Unidentified 5.071 x 107 0 5.071 x 107
Caridea

Unidentified 3.401 x 107 9,051 x 107  1.245 x 108
Callianassidae

Upogebia affinis 1.220 x 10" 6,750 x 109 1.895 x 1010
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Appendix 6C-5. Continued

. # Entrained
Species #Bsn;T:;zed Dilut?Zn Pump EI::::nfd

Porcel lanidae

Petrolisthes spp. 1.027 x 108 2.367 x 107 1.264 x 108

Polyonyx gibbesi 4.765 x 1010 2.105 x 1010 6.870 x 1010 -

Unidentified 0 6.089 x 107 6.089 x 107 "
Paguridae -

Pagurus longicarpus 4.720 x 107 4.615 x 106 5.182 x 107 I

Unidentified sp. A 0 9.382 x 106 9.382 x 106
Leucosiidae .

Persephone aquilonaris 3.599 x 108 9.993 x 107 4.598 x 108
Portunidae

Unidentified sp. A 0 2.025 x 107 2,025 x 107
Xanthidae

Eurypanopeus depressus 6.128 x 108 3.371 x 108 9.499 x 108

Hexapanopeus angustifrons 6.800 x 108 2.313 x 108 9,113 x 108

Menippe mercenaria 2.782 x 108 1.416 x 108 4.198 x 108

Neopanope texana texana 6.235 x 108 4.061 x 108 1,030 x 109

Panopeus herbstii 1.646 x 108 1.578 x 107 1.804 x 108

Rithropanopeus harrisii 1.745 x 107 7.890 x 106 2.534 x 107

Unidentified 2,299 x 108 2.212 x 108 4.511 x 108
Pinnotheridae

Pinnixa chaetopterana 1.238 x 102 7.451 x 105 1.983 x 10° .

Pinnixa sayana 1.701 x 1019 1,504 x 101  3.205 x 10%°

Pinnotheres maculatus 7.070 x 107 4.526 x 107 1.160 x 108

Unidentified 8.472 x 10/ 4.615 x 10°  8.934 x 107
Grapsizoea spp. 1.164 x 107 1.251 x 107 2,415 x 10°
Majidae

Libinia dubia 4.669 x 107 0 4.669 x 107

6-81




Appendix 6C-5. Continued,

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Brachyura
Unidentified 1,223 x 107 0 1.223 x 107
Mol lusca
Gastropoda 2,507 x 108 5.181 x 107 3.025 x 108
Pelecypoda 6.992 x 107 3.156 x 107 1.015 x 108
Cirripedia
Balanus sp. 3.968 x 108 6.298 x 107 4.598 x 108
Polychaeta
Spionidae 0 1.251 x 107 1.251 x 107
Brachiopoda 0 2.367 x 10’ 2.367 x 107
Echinodermata
Ophiuroidea 0 1.127 x 108 1.127 x 108
TOTAL 8,461 x 109  4.800 x 10'°  1.326 x 10!

6-82



Appendix 6C-6., Estimated Number of Meroplankton Entrained
During June, 1976,

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Stomatopoda

Squilla sp. 1.014 x 10/ 7.497 x 10°  1.764 x 107
Decapoda

Unidentified 3.882 x 100  1.938 x 10/ 2.327 x 107
Palaemonidae

Periclimenes spp. 2,238 x 107  2.788 x 10/  5.026 x 10’

Palaémo?etes pugio/ 6 6

vulgaris 1,011 x 10 0 1.011 x 10

Palaemonetes spp. 4.677 x 107 6.698 x 106 5.347 x 107

Unidentified sp. A 1.588 x 107 1.851 x 10®  1.773 x 107

Unidentified 5.344 x 107 1.801 x 107  7.145 x 107
Alpheidae

Alpheus heterochaelis 0 4.636 x 105 4.636 x 105

Unidentified sp. A 9.852 x 10/ 5.773 x 10  1.562 x 10°

Unidentified sp. B 1.596 x 10/ 1.190 x 10°  1.715 x 107

Unidentified sp. C 1.096 x 107  4.844 x 10®  1.580 x 107

Unidentified sp. D 5.865 x 107 - 5.957 x 106 6.461 x 107

Unidentified 1.011 x 10°  5.951 x 107 6.052 x 107
Hippolytidae |

Hippolyte spp. 5.934 x 107 1,318 x 106 6.066 x 107

Latreutes parvulus 1.121 x 107 1.355 x 10°  1.256 x 107

Tozeuma carolineuse 7.288 x 106 0 7.288 x 106

Unidentified sp. C 0 4.636 x 105 4.636 x 105

Unidentified 9,262 x 106 4.337 x 107 5.263 x‘107
Processidae

Ambidexter symmetricus 1.509 x 107 1.298 x 107 2.807 x 107

Processa spp. 0 1.269 x 107 1.269 x 107

Unidentified 2,870 x 106 4.853 x 107 5.140 x 107
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Appendix 6C-6., Continued.

I

# Entrdined
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Caridea

Unidentified 1.992 x 10’  1.077 x 107 3.069 x 10’
Callianassidae

Upogebia affinis 3.296 x 10°  1.501 x 10°  4.797 x 10°

Unidentified sp. B 2.754 x 10° 2,754 x 10°

Unidentified sp. C 1.006 107 1.006 x 107

Unidentified sp. D 4.354 104 4.354 x 104
Porcellanidae

Petrolisthes spp. 5,635 x 107 4.847 107 1.048 x 108

Polyonyx gibbesi 5.653 x 10°  3.757 x 10° 9,410 x 107

Unidentified 4.190 x 107 4.190 x 107
Paguridae

Pagurus annulipes 1.842 x 106 6.096 105 2.452 x 106

Pagurus longicarpus 3.743 106 3.743 x 106

Unidentified sp. A 7.982 x 10°  7.404 x 10°  1.539 x 107

Unidentified 2.171 106 2,171 x 106
Leucosiidae

Persephone aquilonaris 6.779 X 107 4.553 107 1.133 x 108
Portunidae

Unidentified sp. A 1.233 106 1.233 x 106

Unidentified 3.353 106 3.353 x 106
Xanthidae

Eurypanopeus depressus 2,154 x 108 6.954 107 2.849 x 108

He xapanopeus angustifrons 5.075 x 108 2,675 108 7.750 x 108

Menippe mercenaria 3.485 x 108 1.748 108 5.233 x 108

Neopanope texana texana 1.381 x 109 2,958 108 1.677 x 109

Panopeus herbstii 4.813 x 107 2,094 107 6.907 x 107
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Appendix 6C-6. Continued

# Entrained

# Entrained By Total #
Species By Plant Dilution Pump Entrained

Rithropanopeus harrisii 7.288 x 106 4.636 x 105 7.752 106

Unidentified 1,758 x 108 1.385 x 108 3.143 108
Pinnotheridae

Pinnixa chaetopterana 1.329 x 105 1.811 x 108 3.140 x 10®

Pinnixa sayana 1.048 x 1010 3.330 x 107 1.381 x 10%°

Pinnotheres maculatus 1.513 x 107 1.901 x 107  3.414 x 107

Unidentified 1.310 x 107 - 4.235 x 10°  1.352 x 107
Grapsidae

Sesarma cinereum 2,038 x 106 3.543 x 106 5.581 106

Sesarma reticulatum 2.854 x 106 2.466 x 106 5.320 106
Ocypodidae

Uca spp. 2.283 x 10/ 1.454 x 107 3.737 x 10
Grapsizoea spp. 1.518 x 108 2.474 x 108 3.992 108
Majidae

Libinia dubia 1.623 x 107 4.262 x 10° 2,049 x 107
Brachyrua ' :

Unidentified sp. A 1.842 x 106 1,842 106
Mol lusca

Gastropoda 1,049 x 108 1.560 x 107 1.205 x 10°

Pe lecypoda 8.993 x 100  4.146 x 10®  1.314 x 10
| sopoda

Aegathoa sp. 3.516 x 106 3.516 106
Cirripedia

Balanus sp. 2.246 x 107  2.826 x 107  5.072 x 107
Polychaeta

Nere i dae 0 1.128 x 107 1.128 x 10/

6-85

I



Appendix 6C-6. Continued

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
.. : 8 7 8
Spionidae 1.024 x 10 2.448 x 10 1.269 x 10
Unidentified 2.367 x 107 0 2.367 x 107
Brachiopoda 1.190 x 10° 2,375 x 107 1,428 x 10°
Echinodermata
Ophiuroidea 0 6.621 x 106 6.621 x 106
Unidentified 0o 5.714 x 10°  5.714 x 10°
TOTAL 2.346 x 101°  1.066 x 101®  3.412 x 101°
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Appendix 6C-7.

During July, 1976,

Estimated Number of Meroplankton Entrained

# Entrained

# Entrained By Total #
Species By Plant Dilution Pump Entrained

Stomatopoda

Squilla sp. 3.710 x 107 7.459 x 10°  4.456 x 107
Decapoda

Unidentified 2,902 x 10’  8.398 x 10/  1.130 x 10°
Penae idae

Penaeus duorarum 0 7.347 x 105 7.347 x 10°

Unidentified 1.026 x 106 0 1.026 x 106
Pasiphaeidae

Leptochela spp. 3.762 x 106 0 3.762 x 106
Palaemonidae

Periclimenes americanus 1.026 x 106 0 1.026 x 106

Periclimenes spp. 2.863 x 107 4.648 x 106 3.328 x 107

Palaemonetes intermedius 2,066 x 107 1.881 x 107 3.947 x 107

Palaemo?etes pugio/ 7 7 7

vulgaris 1.708 x 10 2.336 x 10 4.044 x 10

Unidentified sp. A 2.064 x 100 2.406 x 107 2,305 x 10°

Unidentified sp. C 0 2.449 x 10° 2,449 x 10°
Alpheidae

Unidentified sp. A 9.924 x 108 1.718 x 108 1.164 x 109

Unidentified sp. B 3.268 x 106 0 3.268 x 106

Unidentified sp. C 6.487 x 107 5.546 x 107 1.203 x 108

Unidentified 1.315 x 107 9.905 x 106 2.305 x 107
Ogyrididae

Ogyrides limicola 6.176 x 106 2.939 x 106 0.115 x 106
Hippolytidae

Hippolyte spp. 0 1.511 x 107 1.511 x 107

Latreutes parvulus 1.643 x 108 4.813 x 107 2,124 x 108

Unidentified 1.315 x 10’ 0 1.315 x 10
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Appendix 6C-7. Continued

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Processidae

Ambidexter symmetricus 1.198 x 108 1.849 x 108 3.047 x 108

Unidentified 1.882 x 10®  5.661 x 105 2.448 x 100
Caridea

Unidentified 2.649 x 107 2.005 x 107 4.654 x 107
Callianassidae

Upogebia affinis 2.167 x 109 1.498 x 109 3.665 x 109

Unidentified sp. A 0 7.347 x 10°  7.347 x 10

Unidentified sp., C 3.268 x 106 0 3.268 x 106

Unidentified sp. D 1,026 x 106 2,182 x 106 3.208 x 106
Porcel lanidae

Petrolisthes spp. 2.275 x 108 6.374 x 107 2,912 x 108

Polyonyx gibbesi 3.724 x 107 1.117 x 107 4.841 x 107
Paguridae

Pagurus annul ipes 2.395 x 107 7.924 x 106 3.187 x 107

Unidentified sp. A 5.643 x 106 1.125 x 107 1.690 x 107

Unidentified 0 6.439 x 106 6.439 x 106
Leucosiidae

Persephone aquilonaris 1.068 x 108 3.899 x 107 1.458 x 108
Portunidae

Unidentified sp. A 0 5,661 x 10° 5,661 x 107
Xanthidae

Eurypanopeus depressus 3.343 x 108 1.506 x 108 4.849 x 108

Hexapanopeus angustifrons 1.146 x 109 3.864 x 108 1.532 x 10°

Menippe mercenaria 5.306 x 108 3.579 x 108 8.885 x 108

Neopanope texana texana 9.172 x 108 4.686 x 108 1.386 x 109

Panopeus herbsti i 1.248 x 108 4.476 x 107 1.696 x 108

Unidentified 1.318 x 108 3.362 x 108 4.680 x 108
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Appendix 6C-7. Continued
> # Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Pinnotheridae

Pinnixa chaetopterana 3.623 x 108 1.835 x 108 5.458 108

Pinnixa sayana 2.623 x 1010 7.171 x 10°  3.340 x 10'°

Pinnotheres maculatus 8.692 x 107 4.273 x 107 1.297 108

Unidentified 1.315 x 10/ 1.697 x 107 3.012 x 107
Grapsidae

Sesarma cinereum 6.046 x 107 7.925 x 107 1.397 108

Sesarma reticulatum 4.925 x 107 5.878 x 107 1.080 108
Ocypodidae

Uca spp. o114 x 105 2.996 x 108 7.110 x 10°
Grapsizoea Spp. 0 1.451 x 107 1.451 x 107
Majidae

Libinia dubia 0 1.245 x 107 1.245 x 107

Unidentified 1.401 x 106 1.401 106
Brachyura

Unidentified sp. A 2.395 x 107 9.798 x 10%  2.405 x 107

Unidentified 0 6.783 x 100 6.783 x 10°
Mol lusca

Gastropoda 3.541 x 108 2,376 x 108 5.917 108

Pe lecypoda 2.083 x 105 3.848 x 107 2.468 x 10°
| sopoda

Aegathoa sp. 0 1.061 x 107 1.061 x 107
Cirripedia

Balanus sp. 2.083 x 107 1.540 x 105 1.839 x 10°
Polychaeta

Nere idae 3.470 x 108 1.545 x 108 5.015 108

Polynoidae 0 9.552 x 10°  9.552 x 10°

Spionidae 1.788 x 10 3.540 x 105 2.142 x 10°

Unidentified 1.587 x 10 1.587 x 10
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Appendix 6C-7. Continued.

# Entrained
# Entrained By Total #
Species By Plant Ditution Pump Entrained
) 8 7 8
Brachiopoda 1,074 x 10 7.811 x 10 1.855 x 10
Echinodermata
Unidentified 0 2.220 x 107 2.220 x 107
TOTAL 4.129 x 101 1,410 x 101°  5.539 x 101°
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Appendix 6C-8. Estimated Number of Meroplankton Entrained
During August, 1976.

=1 I = mm

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Stomatopoda
Squilla sp. 7.210 x 106 9.821 x 106 1.703 x 107 ]
Decapoda
L 5 5 2
Unidentified 0 6.204 x 10 6.204 x 10 )
Penae idae
Unidentified 2.395 x 106 0 2,395 x 106
Pasiphaeidae
Lleptochela spp. 1.449 x 107 1.306 x 106 1.580 x 107
Palaemonidae
Periclimenes americanus  2.395 x 106 1.347 x 106 3.742 x 106
Periclimenes spp. 3.680 x 105 8.019 x 107  4.482 x 10°
Palaemonetes intermedius 1.896 x 108 1.605 x 106 1.912 x 108
Palaemo?etes pugio/ 6 7 7
vulgaris 9,177 x 10 1.065 x 10 1.983 x 10
Unidentified sp. C 2.631 x 10°  8.871 x 10  1.150 x 10’
Unidentified 0 4.310 x 106 4.310 x 106
Alphe idae
Unidentified sp. A 7.009 x 108 3.782 x 107 7.387 x 108
Unidentified sp. B 0 2.789 x 106 2,789 x 106
Unidentified sp. C 1,506 x 108 5.536 x 107 2,060 x 108
Unidentified 3.077 x 10°  4.310 x 100 7.387 x 10° -
Ogyrididae l
Ogyrides limicola 2.324 x 105 6.320 x 107 2,956 x 107
Hippolytidae -
Hippolyte spp. 1.549 x 108 1.903 x 107 1.739 x 108 -
Latreutes parvulus 3.491 x 108 7.262 x 107 4.217 x 108 B
Unidentified sp. D 0 1.850 x 10°  1.850 x 10° =
Unidentified 3.077 x 106 0 3.077 x 106 l
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Appendix 6C-8. Continued

# Entrained

# Entrained By Total #
Species By Plant Dilution Pump Entrained

Processidae

Ambidexter symmetricus 1.088 x 109 2,137 x 108 1.302 x 109

Processa spp. 5.263 x 10°  4.213 x 100 9.476 x 106

Unidentified 4.390 x 10° 0 4.390 x 109
Caridea

Unidentified 2.006 x 108 4.701 x 107  2.476 x 10°
Callianassidae

Upogebia affinis 6.889 x 109 7.896 x 108 7.679 x 109

Unidentified sp. A 0 4.408 x 10%  4.408 x 106

Unidentified sp. B 7.210 x 10° 0 7.210 x 100

Unidentified sp. D 2.395 x 10  3.806 x 10°  6.201 x 106
Porcellanidae

Petrolisthes spp. 5.230 x 107 6.343 x 106 5.864 x 107

Polyonyx gibbesi 8.849 x 105 2,138 x 108 1.099 x 109
Paguridae

Pagurus pollicaris 7.210 x 10° 0 7.210 x 109

Unidentified sp. A 3.716 x 107 1.012 x 107  4.728 x 107

Unidentified 0 6.204 x 10°  6.204 x 107
Leucosi idae

Persephone aquilonaris 1.395 x 108 3.583 x 107 1.753 x 108
Portunidae

Callinectes sp. A 0 4.310 x 10°  4.310 x 106
Xanthidae .

Eurypanopeus depressus 1.010 x 109 2.276 x 108 1.238 x 109

Hexapanopeus angustifrons 1.598 x 109 3.738 x 108 1.972 x 109

Menippe mercenaria 1,025 x 10°  2.105 x 105  1.235 x 107

Neopanope packardi 0 3.000 x 108 3.000 x 108

Neopanope texana texana 1,221 x 1070 1,138 x 107  1.335 x 10%°
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Appendix 6C-8. Continued.

# Entrained

# Entrained By Total #
Species By Plant Dilution Pump Entrained

Panopeus herbstii 1.956 x 10°  2.780 x 107 2,234 x 108

Rithropanopeus harrisii 2.907 x 107 9.108 x 106 3.818 x 107

Unidentified 1.267 x 100 1.868 x 105 1.454 x 10°
Pinnotheridae

Pinnixa chaetopterana 5.004 x 108 1.699 x 108 6.763 x 108

Pinnixa sayana 1.689 x 1010 2,138 x 109 1.903 x 1010

Pinnotheres maculatus 2.456 x 108 7.576 x 107 3.214 x 108

Unidentified 0 2.155 x 106 2.155 x 106
Grapsidae

Sesarma cinereum 3.053 x 108 4.452 x 107 3.498 x 108

Sesarma reticulatum 9.925 x 107 2,222 x 107 1.215 x 108
Ocypodidae

Uca spp. 2.813 x 109 7.570 x 108 3.570 x 109
Grapsizoea spps 6.409 x 107 2.721 x 107 9.130 x 107
Majidae

Libinia dubia 2.970 x 107 1.141 x 107 4,111 x 107
Brachyura

Unidentified sp. A 0 5.527 x 106 5.527 x 106

Unidentified 8.551 x 107 9.688 x 106 9.520 x 107
Mol lusca

Gastropoda 1.559 x 109 3.734 x 108 1.932 x 109

Pe lecypoda 3.529 x 108 2.115 x 106 3.550 x 108
| sopoda

Aegathoa sp. 7.210 x 106 1.486 x 106 8.696 x 106
Cirripedia

Balanus sp. 5.011 x 108 3.070 x 108 8.081 x 108
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Appendix 6C-8.

Continued.

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Polychaeta
Nereidae 2.369 x 107 1.381 x 107 3.750 x 107
Spionidae 3.422 x 107 5.892 x 107 9.314 x 107
Unidentified 5.287 x 107 3.188 x 107 1.460 x 108
Brachiopoda 4.391 x 108 1.203 x 108 5.594 x 108
Echinodermata
Unidentified 0 1.387 x 108 1.387 x 108
Urochordata 6.200 x 106 0 6.200 x 106
Phoronida 0 1.284 x 107 1.284 x 107
TOTAL 5.286 x 10'° 8,514 x 107 6.137 x 10!°
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Appendix 6C-9.

During September, 1976.

Estimated Number of Meroplankton Entrained

# Entrained

# Entrained By Total
Species By Plant Dilution Pump Entrained

Stomatopoda

Squilla sp. 0 3.723 x 106 3.723 106
Decapoda

Unidentified 0 3.723 x 10®  3.723 x 10°
Penae idae

Penaeus ggprarum 5.403 x 106 0 5.403 106
Pasiphae idae

Leptochela spp. 3.641 x 107 7.837 x 106 4.425 107
Palaemonidae

Periclimenes americanus 7.362 x 107 0 7.362 107

Periclimenes spp. 1,009 x 10 3.533 x 105 1.362 x 10°

Palaemonetes intermedius 1.510 x 108 1.141 x 107 1.624 108

Palaemo?etes pugio/ 6 6

vulgaris 4.021 x 10 0 4.021 10

Unidentified sp. C 1579 x 10/ 3.461 x 10°  1.925 x 10
Alpheidae

Unidentified sp. A 3.041 x 108 7.895 x 107 3.830 108

Unidentified sp. B 0 1.110 x 106 1.110 106

Unidentified sp. C 2.426 x 107 2.221 x 10°  3.648 x 107

Unidentified 1.846 x 107 0 1.846 x 107
Ogyrididae

Ogyrides limicola 6.237 x 108 3.061 x 107 6.543 108
Hippolytidae

Hippolyte spp. 1.370 x 108 2.684 x 107 1,638 108

Latreutes parvulus 8.792 x 108 1.017 x 108 9.809 108

Tozeuma carolineuse 5.204 x 104 0 5.204 104

Unidentified sp. D 0 1,110 x 106 1.110 106

Unidentified 1.846 x 10 0 1.846 x 10
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Appendix 6C-9. Continued.

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Processidae

Ambidexter symmetricus 2,298 x 109 6.744 108 2.972 x 109

Processa spp. 3.292 x 107 2,528 x 107 5.820 x 10’
Caridea .

Unidentified 2.252 x 108 3.788 107 2.631 x 108
Callianassidae

Upogebia affinis 7.352 x 10° 1,160 x 10°  8.512 x 10°

Unidentified sp. D 0 1,045 x 107 1.045 x 107
Porcellanidae

Petrolisthes spp. 2.174 x 105 2,372 x 107 2.411 x 108

Polyonyx gibbesi 2.208 x 1010 4.134 x 108 2.249 x 1010
Paguridae

Pagurus longicarpus 5.375 x 105 0 5.375 x 105

Unidentified sp. A 5.165 x 107 3.971 107 9.136 x 107

Unidentified 0 3.723 106 3.723 x 106
Leucosi idae

Persephone aquilonaris 1.114 x 108 1.580 106 1.133 x 108
Xanthidae

Eurypanopeus depressus 2,703 x 109 8.645 108 3.567 x 109

Hexapanopeus angustifrons 4.599 x 109 8.878 108 5.487 x 109

Men ippe 1me rce nar i a 1.742 x 107 4.965 x 105 2.238 x 107

Neopanope texana texana 1.294 x 1010 2.686 109 1.563 x 1010

Panopeus herbstii 7.759 x 108 8.142 107 8.573 x 108

Rithropanopeus harrisii 1.770 x 108 1.935 107 1.963 x 108

Unidentified 2.594 x 10°  4.153 x 10°  3.009 x 107
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Appendix 6C-9. Continued. n
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Pinnotheridae -

Pinnixa chaetopterana 8.991 x 108 3.018 x 108 1.201 x 109 .

Pinnixa sayana 3.945 x 1010 2,677 x 107 4.213 x 100 =)

Pinnotheres maculatus 3.318 x 108 1.165 x 108 4.483 x 108 -
Laomedi idae !

Unidentified 0 1.850 x 106 1.850 x 106
Grapsidae I

Sesarma cinereum 2.275 x 108 3.983 x 107 2.673 x 108

Sesarma reticulatum 1.668 x 108 5.584 x 107 2.226 x 108 I
Ocypodidae

Ucs ‘spp- 4.170 x 108 2.585 x 108 6.755 x 10°
Majidae

Libinia dubia 0.426 x 10/ 1.156 x 107  1.058 x 10°
Brachyura

Unidentified 3.720 x 10 0 3.720 x 107
Mol lusca

Gastropoda 3.479 x 107 6.528 x 105 4.132 x 10

Pe lecypoda 9.339 x 107 2.394 x 107 1.173 x 108
Cirripedia

Balanus sp. 1.049 x 109 6.250 x 107 1.111 x 109
Polychaeta ﬁ‘

Nere i dae 6.316 x 107 0 6.316 x 107

Spionidae 1.263 x 108 3.737 x 107 1.637 x 108
Brachiopoda 2.954 x 108 6.347 x 107 3.589 x 108
Urochordata 3.720 x 107 3.720 x 107
Phoronida 5.375 x 105 5.375 x 105
TOTAL 1080 x 101 1.277 x 10*®  1.209 x 10*
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Appendix 6C-10. Estimated Number of Meroplankton Entrained

During October, 1976.
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Pasiphaeidae

Leptochela serritorbita 3.800 x 107 6.835 x 106 4.484 x 107

Leptochela spp. 5.821 x 107 0 5.821 x 107
Palaemonidae

Periclimenes americanus 5.805 x 107 6.835 x 106 6.489 x 107

Periclimenes spp. 6.681 x 108 7.423 x 107 7.423 x 108

Palaemonetes floridanus 3.784 x 107 3.784 x 107

Palaemonetes intermedius 2,999 x 107 7.730 x 106 3.772 x 107

Palaemonetes pugio/ 8 6 8

vulgaris 1.245 x 10 1.043 x 10 1.255 x 10

Unidentified sp. C 3.164 x 107 6.233 x 107 9.397 x 107

Unidentified 1.590 x 107 1.590 x 107
Alpheidae

Unidentified sp. A 1.744 x 10° 4,351 x 107 2,179 x 10°

Unidentified sp. B 4.634 x 105 4.634 x 105

Unidentified sp., C 3.784 x 107 0 3.784 x 107
Ogyrididae

Ogyrides limicola 2.024 x 109 3.529 x 107 2,059 x 109
Hippolytidae

Hippolyte spp. 7.570 x 107 3.000 x 107 1.507 x 108

Latreutes parvulus 4.190 x 108 2.409 x 107 4.431 x 108

Tozeuma carolinense 1.747 x 107 0 1.747 x 107

Unidentified sp, D 3.230 x 105 4.634 x 105 7.864 x 105

Unidentified 1,615 x 105 1.615 x 105
Processidae

Ambidexter symmetricus 1.039 x 109 3.490 x 108 1.388 x 10

Processa spp. 3.678 x 107 1.158 x 107 4.836 x 10’
Caridea

Unidentified 0 7.295 x 10° 7.295 x 10°
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Appendix 6C~10. Estimated Number of Meroplankton Entrained

During October,

1976. continued

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Callianassidae
Upogebia affinis 1,095 x 107 3.494 x 10° 1.444 x 10°
Unidentified sp. D 3.784 x 10’ 0 3.784 x 107
Unidentified 2.897 x 106 2.897 x 106
Porcellanidae
Petrol isthes spp. 1.541 x 108 1.372 x 107 1.678 x 108
Polyonyx gibbesi 1.026 x 1010 6.877 x 108 1.095 x 1010
Paguridae
Pagurus longicarpus 5.251 x 107 0 5.251 x 107
Unidentified sp. A 1.606 x 107 2.897 x 106 1.896 x 107
Unidentified 3.116 x 107 3.116 x 107
Leucosiidae :
Persephone aquilonaris 7.462 x 107 3.698 x 106 7.832 x 107
Xanthidae
Eurypanopeus depressus 2.955 x 108 1.200 x 108 4,155 x 108
Hexapanopeus augustifrons 2,130 x 109 4.159 x 108 2.546 x 109
Menippe mercenaria 4.529 x 108 9.596 x 107 5.489 x 108
Neopanope texana texana 1.147 x 1010 1.409 x 109 1.288 x 1010
Panopeus herbstii 3.000 x 108 8.193 x 106 3.082 x 108
Rithropanopeus harrisii  7.842 x 100  4.836 x 10/  8.326 x 10°
Unidentified 2.708 x 108 5.023 x 108 7.731 x 108
Pinnotheridae
Pinnixa chaetopterana 2.457 x 109 3.762 x 108 2.833 x 109
Pinnixa sayana 8.028 x 100 7.078 x 107  8.736 x 10%°
Pinnotheres maculatus 3.220 x 108 8.327 x 107 4.053 x 108
Unidentified sp. A 1.854 x 106 1.854 x 106
Unidentified 2.792 x 108 2.792 x 108
Laomediidae |
Unidentified 0 8.018 x 105 8.018 x 105
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Appendix 6C=10,

Estimated Number of Meroplankton Entrained

During October, 1976,

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Grapsidae
Sesarma cinereum 1.086 x 108 1.168 x 107 1.203 x 108
Sesarma reticulatum 4.492 x 107 6.140 x 106 5.106 x 107
Ocypodidae
Uca spp. 3.041 x 107 3,489 x 107 6.530 x 10’
Majidae
Libinia dubia 3.230 x 10° 1,390 x 10® 1,713 x 106
Mol lusca
Gastropoda 1.310 x 109 1.964 x 108 1.506 x 109
Pelecypoda 2,747 x 108 1.589 x 108 4.336 x 108
| sopoda
Aegathoa sp. 0 4.634 x 10°  4.634 x 10°
Cirripedia
Balanus sp. 2.196 x 108 1.867 x 108 4.063 x 108
Polychaeta
Spionidae 0 1.880 x 107 1.880 x 107
Syl lidae 1.909 x 107 0 1.909 x 107
Unidentified 0 9.848 x 106 9.848 «x 106
Brachiopoda 1.451 x 107 3.684 x 107 . 5.135 x 107
Echinodermata 5.850 x 107 5.850 x 107
Phoronida 1.451 x 107 1.451 x 107
Total 1,177 x 10'1 1,258 x 10'® 1,304 x 10!l
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Appendix 6C-11.

During November, 1976.

Estimated Number of Meroplankton Entrained

# Entrained Total #
# Entrained By
Species By Plant Dilution Pump Entrained

Merostomata

Limulus polyphemus 0 5.344 x 106 5.344 x 106
Penaeidae

Penaeus duorarum 1.206 106 1.206 x 106
Pasiphaeidae

Leptochela serritorbita  4.673 106 1.674 106 6.347 x 106

Leptochela spp- 2.503 106 8.505 10 3.354 x 106
Palaemonidae

Periclimenes americanus 0 6.532 106 6.532 x 106

Periclimenes Spps 1.383 x 107 4.401 x 107 7.784 x 107

Palaemonetes intermedius 0 8.580 106 8.850 x 106

Palaemonetes longicaudatusl,723 106 2.065 106 3.788 x 106

Palaemongtes pugio/ 6 5 6

vulgaris 5.547 10 9.841 10 6.531 x 10

Unidentified sp. C 8.956 106 1.854 x 107 2.750 x 107

Unidentified 1.206 106 1.206 x 106
Alpheidae

Unidentified sp. A 7.509 106 7.698 106 1,521 x 107

Unidentified sp. B 2.653 106 7 . 207 105 3.374 x 106
Ogyrididae

Ogyrides limicola 4.432 x 10°  6.829 x 10° 1.126" x 10
Hippolytidae

Hiobolyte sostericola  1.688 x 100 8.505 x 105 2.539 x 10°

Hippolyte spp. 2.403 x 107 1.278 x 107 3.681 x 107

lLatreutes parvulus 2.164 107 1.179 107 3.343 x 107

Thor floridanus 0 2.429 x 10° 2.429 x 10°

Tozeuma carol inense 3.467 106 3.467 x 106

Unidentified sp. D 5.006 106 1,135 105 5.120 x 106

Unidentified 2.503 106 4.858 105 2.989 x 106
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Appendix 6C-11., Estimated Number of Meroplankton Entrained

During November, 1976.

# Entrained

# Entrained
By

Total #

Species By Plant Dilution Pump Entrained

Processidae

Ambidexter symmetricus 2.708 x 107 5.745 x 107 8.453 x 107

Processa spp. 9.888 x 106 2.837 x 106 1.272 x 107
Caridea

Unidentified 9.646 x 105 1.268 x 106 2.232 x 106
Callianassidae

Upogebia affinis 3.455 x 107 3.669 x 107 7.124 x 107

Unidentified 7.094 x 105 7.094 x 105
Porcel lanidae

Petrolisthes spp. 2.503 x 106 1.674 x 106 4.177 x 106

Polyonyx gibbesi 6.640 x 10°  1.686 x 10° 6.809 x 107
Pagur idae

Pagurus longicarpus 1.359 x 107 3.158 x 106 1.675 x 107

Unidentified sp. A 2.503 x 106 9.523 x 105 3.455 x 106
Leucosiidae

Persephone aquilonaris 1.688 x 106 1.560 x 106 3.248 x 106

Unidentified 0 6.072 x 10° 6.072 x 10°
Xanthidae

Eurypanopeus depressus 6.602 x 106 1.139 x 107 1.799 x 107

Hexanopanopeus angustifrons9.910 x 107 6.540 x 107 1.645 x 108

Menippe mercenaria 1.585 x 107 9.525 x 106 2.538 x 107

Neopanopeus texana texana 1.037 x 109 5.215 x 108 1.558 x 109

Panopeus herbsti i 0 1,163 x 106 1,163 x 106

Rithropanopeus harrisii 6.645 x 107 2,667 x 107 9.312 x 107

Unidentified 5.818 x 107 1.169 x 108 1.751 x 108
Pinnotheridae

Pinnixa chaetopterana 4.972 x 107 8.321 x 107 1.329 x 108

Pinnixa sayana 2.475 x 107  1.169 x 10° 4.104 x 10°

Pinnotheres macul atus 2.237 x 107 1.741 x 107 3.978 x 107

Unidentified sp, A 0 4.540 x 105 4.540 x 105
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Appendix 6C-11, Estimated Number of Meroplankton Entrained

During November, 1976. I
# Entrained
# Entrained By '~ Total #
Species By Plant Dilution Pump Entrained

Grapsidae

Sesarma cinereum 1.929 x 106 1.649 x 106 3.578 x 106 -

Sesarma reticulatum 0 1.504 x 106 1.504 x 106 e
Ocypodidae |

Uca spp. 0 3.153 x 10° 3.153 x 10° H
Majidae o

Libinia dubia 5.006 x 106 4.713 x 106 9.719 x 106
Brachyura

Unidentified 7.235 x 10° 0 7.235 x 10°
Mol lusca : |

Gastropoda 1.110 x 100 1.080 x 10° 1.218 x 1010

Pelecypoda 5.064 x 106 3.710 x 107 4,217 x 107
| sopoda

Aegethoa sp. 2.894 x 10®  1.590 x 107 1.880 x 107
Cirripedia

Balanus sp. 1.454 x 108 5.743 x 108 7.197 x 108
Polychaeta

Nereidae 1.206 x 106 0 1,206 x 106

Spioinidae 0 1.220 x 106 1.220 x 106

Syllidae 1.929 x 106 0 1.929 x 106

Unidentified 2.894 x 106 2.412 x 106 5.306 x l06
Brachipoda 0 4.794 x 106 4.794 x 106
Echinodermata 0 1.433 x 107 1.433 x 107

Total 2.196 x 10Y0  4.629 x 107  2.660 x 10'°
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Appendix 6C-12. Estimated Number of Meroplankton Entrained

During December, 1976,

# Entrained

# Entrained By Total #
Species By Plant Dilution Pump Entrained

Merostomata

Limulus polyphemus 0 1.550 x 100 1.550 x 106
Peuaeidae

Penaeus duorarum 3.742 x 105 3.742 x 105
Pasiphaeidae

Leptochela serritorbita 1.243 x 107 1.243 x 107

Leptochela spp. 0 2.392 105 2.392 x 105
Palaemonidae

Peridimenes americanus 1.623 x 106 1.600 106 3.223 x 106

Perichmenes spp. 5.838 x 106 8.915 106 1.475 x 107

Palaemonetes intermedius 1.988 x 107 2.318 107 4.306 x 107

Palaemonetes longicaudatus2.627 x 106 8.147 105 3.442 x 106

Palaemo?etes pugio/ 6 5 6

vulgaris 1.721 x 10 2.050 10 1.926 x 10

Unidentified sp., C 4.491 x 105 1.039 106 1.488 x 106

Unidentified . 3.742 x 10° 3.742 x 10°
Alpheidae

Unidentified sp., A 0 1.117 106 1,117 x 106

Unidentified sp. B 8.233 x 10° 2,174 x 105 1.041 x 10°
Ogyrididae

Ogyrides limicola 2,222 x 106 2.050 105 2.427 x 106
Hippolytidae

Hippolyte zostericola 5.239 x 105 2.392 105 7.631 x 105

Hippolyte spp. 1.782 x 10°  6.520 x 107 2.434 x 108

Latreutes parvulus 2.589 x 107 4.743 106 3.063 x 107

Thor floridanus 0 6.833 x 10 6.833 x 10%

Tozeuma carol inense 2.994 x 105 1.366 105 4.360 x 105

Unidentified 0 6.833 x 10 6.833 x 10%
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Appendix 6C-12, Estimated Number of Meroplankton Entrained

During December,

1976.

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Processidae .

Amdidexter symmetricus 1.956 107 6.637 x 106 2.620 x 107

Processa Sspps 7.003 106 1.399 x 105 7.143 x 106
Cariéea o 5 6 6

Unidentified 2.994 10 3.247 x 10 3.546 x 10
Callinnassidae

Upogebia affinis 8.939 106 5.140 x 106 1.408 x 107
Porcel lanidae

Petrolisthes spp. 1.056 106 0 1.056 x 106

Polyonyx gibbesi 1.071 x 107 5.860 x 106 1.657 x 107

Unidentified 3.731 x 105 3.731 x 105
Paguridae

Pagurus longicarpus 4.121 x 107 1.495 x 107 5.616 x 107

Pagurus pollicaris 2.340 x 105 2.340 x 105

Unidentified sp. A 1,623 x 10°  5.831 x 10° 2.206 x 10°
Leucosiidae

Persephone aquilonaris 5.239 105 2.392 x 105 7.631 x 105
Portunidae

Callinectes sapidus 2.340 x 105 2.340 x 105

Unidentified 1.623 106 1.708 x 105 1.794 x 106
Xanthidae

Eurypanopeus depressus 1.712 106 1.218 x 106 2.930 x 106

Hexanopeus augustifrons 2.333 107 7.827 x 106 3.116 x 107

Menippe mercenaria 9.729 105 1.059 x 106 2,032 x 106

Neopanope texana texana 2.534 108 1.035 x 108 3.569 x 108

Panepeus herbstii 7.707 106 4.681 x 105 3.646 x 108

Rithropanopeus harrisii 1.694 107 5.581 x 106 2.252 x 107

Unidentified 1.011 107 5.401 x 106 1.551 x 107
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Appendix 6C-12, Estimated Number of Meroplankton Entrained

During December, 1976,
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Pinnotheridae

Pinnixa chaetopterana 6.736 105 8.273 «x 105 1.501 x 106

Pinnixa sayana 7566 107 7.830 x 106 8.349 x 107

Pinnotheres maculatus 5.388 106 1.400 x 106 6.788 x 106
Grupsidae

Sesarma cinereum 5.987 10° 1.366 x 10° 7353 x 105
Ocypodidae

Uca spp. 1.366 x 107 1.366 x 10°
Majidae

Libinia dubia 2.028 x 10°  2.049 x 10° 4.077 x 10°
Brachyura

Unidentified 2.245 x 10° 0 2.245 x 10°
Mol lusca

Gastropoda 7.341 109 6.822 x 108 8.023 x 109

Pelecypoda 7.504 107 5.726 x 107 1.323 x 108
| sopoda

Aegathoa sp. 3.737 x 10°  6.804 x 10° 1.054 x 107
Cirripedia

Balanus sp, 6.951 108 2.448 x 108 9.399 x 108
Polychaeta

Nereidae 8.142 x 105 3.506 x 105 1.165 x 106

Spionidae 1.890 x 106 1.890 x 106

Syl lidae 8.306 x 10°  6.317 x 10 8.938 x 10°

Unidentified 8.981 105 8.981 x 105
Urochordata 3.432 106 5.805 x 107 6.148 x 107

Total 8.873 x 10°  1.337 x 10° 1,021 x 10'°
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Appendix 6C~13. Estimated Number of Meroplankton Entrained
During January,

1977.

# Entrained

# Entrained

By

Total #

Species By Plant Dilution Pump Entrained

Merostomata

Limulus polyphemus 0 2.892 x 105 2.802 x 105
Palaemonidae

Unidentified sp. C 0 7.229 x 105 7.229 x 105
Alpheidae

Unidentified sp. B 0 2.892 x 105 2.892 x 105
Hippolytidae

Hippolyte spp. 2.313 x 106 2.313 x 106

Latreutes paruulus 1.012 x 106 1.012 x 106
Processa spp.

Processa spps 6.547 x 106 8.673 x 105 7.414 x 106
Callinuassidae

Upogebia affinis 0 2.892 x 105 2.892 x 105
Porcel ianidae

Petrolisthes spp. 6.547 x 106 0 6.547 x 106

Polyonyx gibbesi 1.446 x 106 1.446 x 106

Unidentified 2,313 x 106 2.313 x 106
Paguridae

Pagurus longicarpus 2.292 x 107 9.544 x 106 3.246 x 107

Unidentified sp. A 2.892 x 10 2.892 x 105
Xanthidae

Eurypanopeus depressus 2.728 x 106 4.192 x 106 6.920 x 106

Hexapanopeus angustifrons6.547 x 106 1.301 x 107 1.956 x 107

Neopanope texana texana 2.728 x 106 1.879 x 106 4.607 x 106

Unidentified 5.783 x 105 5.783 x 105
Pinnotheridae

Pinnixa chaetopterana 0 2.892 x 105 2,892 x 105

6-107

o



Appendix 6C-13,

Estimated Number of Meroplankton Entrained

During January, 1977.
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Mol lusca
Gastropoda 1.124 x 10°  3.527 x 10° 1.477 x 10°
Pelecypoda 8.075 x 107 2.718 x 108 3.525 x 108
| sopoda '
Aegathoa sp. 0 8.673 x 105 8.673 x 105
Cirripedia
Balanus sp. 1.375 x 109 3.387 x 108 1.714 x 109
Polychaeta
Nereidae 2.728 x 106 7.229 x 105 3.451 x 106
Spionidae 0 1,027 x 107 1.027 x 107
Syl lidae 0 2.892 x 105 2.892 x 105
Urochordata 2.128 x 107 2.221 x 108 2.434 x 108
Total 2.652 x 109 1.237 x 109 3.889 x 109
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Appendix 6C-14. Estimated Number of Meroplankton Entrained
During February, 197 .

# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Merostomata

Limulus polyphemus 0 5.597 x 104 5.597 x 104
Palaemonidae

Palaemonetes intermedius 1,341 x 107 2.626 x 106 1,604 x 107

Palaemon?tes ugio 7 7

vulgaris 1.559 x 10 0 1.559 x 10

Unidentified sp. C 1.085 x 106 1.085 x 106
Alpheidae

Unidentified sp. B 0 5,597 x 10% 5.597 x 104
Hippolytidae

Hippolyte spp. 1.266 x 108 4.089 x 107 9.344 x 107

Latreutes paruulus 0 1.959 x 105 1.959 x 105
Processidae

Ambidexter symmetricus 0 8.406 x 105 8.406 x 105

Processa spps 1.267 x 106 1.679 x 105 9.771 x 106
Callianassidae

Upogebia affinis 2.963 x 107 3.523 x 106 3.315 x 107
Porcel lanidae

Petrol isthes spp. 1.267 x 106 0 1.267 x 106

Polyonyx gibbeﬁi 4.900 x 105 4.900 x 105

Unidentified 4.477 x 10° 4.477 x 10°
Paguridae

Pagurus longicarpus 1.523 x 108 5.257 x 107 2.049 x 108

Unidentified sp. A 1.559 x 107 3.838 x 106 1.943 x 107
Portunidae

Callinectes sp. A 0 3.887 x 106 3.887 x 106
Xanthidae

Eurypanopeus depressus 1.709 x 108 1.404 x 108 3.113 x 108
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Appendix 6C-14. Estimated Number of Meroplankton Entrained

During February, 1977.
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained

Hexapanopeus angustifrons 9.637 x 107 1.446 x 108 2.410 x 108

Neopanope texana texana 8.786 x 107 3.335 x 107 1.212 x 108

Panopeus herbsti i 0 1.093 x 107 1.093 x 107

Rithropanopeus harrisii 0 1.061 x 107 1.061 x 107

Unidentified 1.029 x 10° 2,732 x 107 1.302 x 108
Pinnotheridae

Pinnixa chaetopterana 3.181 x 107 2.997 x 106 3.481 x 107

Pinnixa sayana 4.533 x 107 1.850 x 107 6.383 x 107
Majidae

Libinia dubia 7.795 x 106 2.626 x 106 1.042 x 107
Mol lusca

Gastropoda 2,176 x 108 9.758 x 107 3.152 x 108

Pelecypoda 1,030 x 108 7.708 x 107 1.801 x 108
| sopoda

Aegathoa sp. 0 0 1.679 x 105 1.679 x 105
Cirripedia

Balanus sp. 20112 x 107 1.437 x 107 3.549 x 10°
Polychaeta -

Nereidae 5.280 x 105 1.399 x 107 6.679 x 102

Spionidae 3.181 x 107 4.528 x 107 7709 x 107

Syl lidae 1.622 x 107 5.307 x 106 2.153 x 107
Echinodermata 8.875 x 108 7.048 x 107 9.580 x 108
Urochord a ta 4.119 x 10° 4.299 x 107 4.710 x 107

Total 8.759 x 10°  4.110 x 107 1.287 x 101°
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Appendix 6C-15. Estimated Number of Meroplankton Entrained
During March,

1977

# Entrained

# Entrained By Total #
Species By Plant Dilution Pump Entrained
Palaemonidae
Palaemonetes intermedius 1.890 x 107 3.701 x 106 2,260 x 107
Palaemonetes pugio/ 7 7
vulgaris 2,197 x 10 0 2.197 10
Unidentified sp. C 0 1.332 x 106 1.332 106
Hippolytidae 0 5.699 x 107 5.699 x 107
Hippolyte spp. 1,784 x 108 0 1.784 108
Processidae
Ambidexter symmetricus 0 1.184 x 106 1,184 106
Callianassidae
Upogebia affinis 4.174 x 107 4.885 x 106 4.663 107
Porcellanidae
Polyonyx gibbesi 0 2.961 x 105 2.961 105
Paguridae
Pagurus longicarpus 2.803 x 108 7.148 x 107 2.798 108
Unidentified sp. A 2.197 x 107 5.329 x 106 2.730 107
Portunidae
Callinestes sp. A 0 5.477 x 10®  5.477 x 10°
Xanthidae
Eurypanopeus depressus 2.408 x 108 1,967 x 108 4.375 108
Hexanopeus ahgustifrons 1.340 x 108 2.003 x 108 3.343 108
Neopanopeus texana texana 1.231 x 108 4.648 x 107 1.696 108
Panopeus herbstii 0 1.539 x 107 1.539 107
Rithropanopeus harrisii 0 1.495 x 107 1.495 107
Unidentified 1.450 x 108 3.834 x 107 1.833 108
Pinnotheridae
Pinnixa chaetopterana 4.482 x 107 4.145 x 106 4.896 106
Pinnixa sayana 6.387 x 100 2.606 x 107 8.993 x 10°
6-111
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Appendix 6C~15,

Estimated Number of Meroplankton Entrained

During March, 1977.
# Entrained
# Entrained By Total #
Species By Plant Dilution Pump Entrained
Majidae
Libinia dubia 1.098 x 107 3.701 x 106 1.468 x 107
Mol lusca
Gastropoda 0 4.130 x 107 4.130 x 107
Pelecypoda 1.231 x 108 3.449 x 107 1.576 x 108
Cirripedia
Balanus sp. 2.601 x 109 1.933 x 109 4.534 x 109
Polychaeta
Spionidae 4.482 x 107 6.101 x 107 1.058 x 108
Syl lidae 2.285 x 107 7.399 x 10° 3.025 x 107
Echinodermata 1.251 x 10°  9.932 x 10’ 1.350 x 107
Total 1.162 x 1010 5.453 x 109 1.707 x 1010
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INTRODUCT | ON

General

Fish kills due to impingement on power plant cooling water
intake screens have been documented for a large number of power
plants (Landry and Strawn, 1974; Edwards, Hunt, Miller and
Senic, 1975; Grimes, 1975; Benda, 1976; Bernhard and Latvaites,
1976). Impingement usually occurs when fish become entraijned
in the current of cooling water being drawn into power plants
(at Big Bend this current js 0.59 m/sec. at the screen
opening). Trash racks are usually set up to catch large fish
and debris but the actual intake screens impinge many smaller
fish, invertebrates and debris. Some fish and invertebrates
become impinged after being attracted to an intake structure
for possible protectjon or to feed on already impinged
organisms and encrusting molluscs and crustaceans, Pump ing
sounds have also been suggested to attract fish to i ntake
structures (Clark and Brownell, 1973),

The impact of power plant impingement of fish and inverte-
brates is certainly site specific and difficult to generally
assess. Clark and Brownel| (1973) rated impingement as one of

the major problems faced by power plants located in coastal



areas. Conversely, several studijes have concluded that impinge-
ment rates are either negligible or do not represent significant
damage to resident populatjons (Landry and Strawn, 1974;
Voightlander et al., 1976; Bernhardt and Latvaitis, 1976;

Mather et al., 1977). In general, most reports on impingement
have failed to adequately assess actual impact. This failure
has usually been due either to a lack of preoperational data

or to a general lack of knowledge of standing crop, fecundity,

and natural mortality rates of the local fish and 1nvertebrates.

Specific Objectives

The present paper is the result of 15 consecutive months
of sampling at Units 1 and 2 of Big Bend Station. This
samp|ing scheme was designed to fulfill monitoring requirements
set by the Environmental Protection Agency and included a
monitoring of all impinged organjsms overp 24 hour periods
once every two weeks,

The specific objectives of monitoring the kinds and numbers
of organisms impinged on the jntake screens at Big Bend Station
have been:

1. to determine the total number of organisms impinged

Per unit of sampling time;
2. to average these data to give estimated seasonal

daily impingement rates;



3. to determine size-class distribution of selected
_species;

4. to elucidate species dominance of impinged organisms;

and

5. to identify differences in night impingement rates

with and without lighting of the intake structure.

Information from each of the above categories has been
used to evaluate and describe the impact of impingement at
Big Bend., Data derived from objectives 1-4 have been compared
with local commercial catch data and literature on the natural
abundance and seasonal distribution of species impinged (e.g-
does impingement trap a large number of species that are
rarely found at the site, or possibly, small numbers of a
species that is found abundantly year round, etc.).

Sampling was on Units 1 and 2 only, as the study was
meant to document effects of these units. These units are
closest to the entrance to the intake channel and probably
represent the worst case. Also, Unit 3 was not in operation

until almost 1/3 of our sampling was completed,

The Site and Intake Structure

Tampa Electric Company’s Big Bend Station is located on
the southeast shore of Hillsborough Bay in the Tampa Bay

system. The plant intake is located near the east end of



a .04 km intake channe]l (Figure 7.1), Approximate ly 240, 000 gpm
of cooling water js pumped through each of the three units
independent of unijt load. In an effort to reduce impingement,
the vertical travelling screens (0.38~ mesh) are hung perpen-
dicular to the intake channel (Figure 7.2). As the screens
become clogged, they are rotated and cleaned by a jet of water
which frees impinged organisms, forcing them into a sluicing
trough and thence to g holding tank from which they are
Periodically collected and then buried. A trash rack (vertical
bars 3“ apart) surrounds the intake screens to filter the top

layer of floating debris,

Limitations

This study js primarijly limited by a paucity of historical
data for comparative purposes. Although there js no informa-
tion on the s%anding stock of any fish opr macroinvertebrate
population in Tampa Bay, estima#es of seasonal abundance of
dominant species in the study area is pr;sented in Chapter 8,
The basic task therefore has been +o compare the number of species
and individuals that were captured per unijt effort or per unijt
time with data such as average seasonal abundance and commercial
catch data. Such relative impact assessment, although augmented

by comparisons with available literature concerning other areas

is, necessarily, subjective and qualitative in nature,
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Two technical limitations are:

1. |t was not always possible to determine whether an
organism died from inpingement or from other causes
(i.e. was dead before impingement). The major
speculative cause of death other than impingement
was cold water due to a severe winter (see Results).
Some other inaccuracies in our estimates have probably
been incurred due to the number of crabs feeding on
impinged fish,

2. Only a single unit (Unit 1 or Unit 2) was sampled
during any given 24 hour sampling period. Entrained
organisms pass these units first in the intake canal.
Although all three units.pump equal volumes of water
(and volume is independent of unit load in all three),
we cannot rule out some behavioral attraction to one
unit more than any other and, consequently, our data
can only structly be interpreted for Unit 1 or Unit 2,
However in an attempt to appreciate the impact of theplant

as a whole (All 3 Units), one may triple the per unit estimates.
METHODS

The vertical travelling screens at Big Bend (Units 1 or 2)
were sampled once every two weeks from January, 1976 through
March, 1977. Unit 1 was the primary unit sampled. Whenever

Unit 1 was offline, the screens of Unit 2 were
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sampled. The intake screens of both units are on the same

intake structure within a few feet of each other, Impingement
samples were collected by plant personnel in the following
manner:

1. At 0001 hours the Screens were washed to begin the
sampling period,

2. At 0600, 1200, 1800 and 2400 hours the screens were
washed for two full cycles. The screen wash was
filtered into a 0.38 inch mesh basket and the
resultant filtrate was placed into a labeled

container,

Laboratory Procedures

Laboratory personnel separated fish and macroinvertebrates
from the encrusting organisms and other debris. Each individual
was then identified using accepted taxonomijc keys (Williams,
1965; Felder, 1973; Cliburn, 1974; Gallaway, Parker and
Moore, 1972), weighed and measured. Fish standard length,
squid pen (gfadii) length, shrimp total length, and decapod

carapace width (carapace length in Limulus polyphemus) were

measured to the nearest millimeter (L. polyphemus to nearest

0.5 centimeter), |Individuals with a biomass of less than 150.0
grams were weighed to the nearest 0.1 gram on a Torbal Model

St-1 balance or an Ohaus Mode | 311 balance. Larger individuals



se lected species to Survive 24 houps afterp impingement.
Organisms were placed in Aquaria kept at room temperatuyre and

observed intermittently over 24 hours,

Effects of Intake Structure Lighting

A three month perijod (January-March, 1976) was used to
study the effects of intake structure lighting on impingement
rates, An additional fjve nights (60 hours) wepe sampled
when the intake struocture lights wepre off. Each of these fijve
samples wepe collected within a few nights of the regular 24

hour collections. Samples were processed as indicated above,
RESULTS AND DISCuss|oN

lnventebrates

Relatijve Abundance and Seasonality

A total of 9,382 invertebrate organisms representing 27

Unit 2) from 4 total of 31 days (744 hours) of sampling fprom

January, 1976 +to March, 1977, This resulted in an average of

302.6 invertebrates impinged per sampling day (i2.6/hour).
The following sjx Species comprijsed 84.8% of the tota]

numbepr of invertebrates collected: Penaeus duorarum (pink
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shrimp), Callinectes sapidus (blue crab), Limulus polyphemus

(horseshoe cﬁab), Portunus gibbesi i (a portunid crab),

Lolliguncula brevis (brief squid) and Squilla empusa (mantis

shrimp). OF all invertebrates collected, P. duorarum accounted

for 35.6%, C. sapidus 13.6%, L. polyphemus 13.4%, P, gibbesi i

8.4%, L. brevis 7<5% and S- empusa 6,3%.

Table 7.1 presents seasonal abundances of these dominant
species according to the six hour sampling intervals. Also
presented are total numbers of invertebrates collected during
each season and the estimated number of invertebrates impinged per
day within each season. Higher numbers of invertebrates were
collected during the summep (July - September) and the winters
(January -~ March) of 1976 and 1977. Lower numbers were col lected
during the spring (April - June) and fall months (October -
December). The rates of impingement followéd this same pattern,
with the higher rates occurring in the summer and winters and
the lower rates during the spring and fall,

The relative abundance of impinged species varied seasonally,
P. duorarum accounted for almost 76% of the invertebrates
collected during the summer, while no individuals of this
species were collected during the spring. During the wintep

months (January - March) of 1976, the samples were dominated

by P. duorarum (37-9%},9. sapidus (18.0%) and L. polyphemus

(22.5%). During the winter of 1977, samples were dominated by

7 =10
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P. duorarum (14.2%), C. sapidus (30.5%), L. polyphemus (i8.2%),
P. gibbesii (16.9%) and S. empusa (15.2%). During the spring,

the horseshoe crab L. polyphemus (13.6%) and the squid

L. brevis (16.3%) dominated the samples collected, Dominance
within the samples collected in the fall of 1976 was evenly

distributed between all sjx of the cited dominant species,

Effects of Temperature

Figure 7.3 presents graphically the total number of
invertebprates collected on each sampling date and the average
water temperature at the intake at the time of sampling,
Generally, peaks ijn invertebrate impingement occurred at
temperature extremes while depressions in impingement occurred
during moderate temperatures, This follows from Table 7.1,
which demonstrated that impingement was more pronounced during
the summer and winter months and depressed during the spring
and fall months. It was not pPossible to discern whether these
peaks in impingement were the result of temperature stress on
the organisms impinged or simply a result of increased abundance
of the organijsms in the Big Bend area at these times of year

(summer, 1976 and the winters of 1976 and 1977).

7=12
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Day Versus Night Impingement
A seasonal breakdown of the numbers of invertebrates
impinged at night and during the day is presented in Appendix ZA.
More invertebrates were impinged during the night hours
(1800-2400 hours). However, a statistical analysis (t-test)
of the data showed that there was no significant difference

(A = 0.05) between day and night impingement,

Effects of Lighting
In an attempt to evaluate the effects of lighting at the
intake structure, five nights were sampled with lights on and
another fjve nights were sampled with lights off. The results
of this sampling are presented in Appendix 7.B., Although
- more invertebrates were collected during the sampling periods

with the lights on, the difference was not significant (« = 0.05).

Size Classes
Limited size class data was generated for all inverte-
brates impinged at Big Bend. This data is presented fopr each

of the six domjnant species in the following section,
Dominant Species

Penaeus duorarum

The decapod, Penaeus duorarum (pink shrimp) was the dom-

inant invertebrate impinged comprising 35.4% of the total
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invertebrate catch., A total of 3,329 individuals (107.4
organisms/24 hours) were impinged over the 15 sampling months.
Greatest impingement occurred during February, June, July and
August, 1976 and the least during April and May. Approximately
68% of the total impingement of this species occurred at night.
Utilizing operational data, it is estimated that 25,773
individuals would have been impinged during the 15 months

of 1976 and 1977 (based on an impingement rate of 107.4 per

day over the eight months of noted abundance).

Cummings (1961) stated that the greatest spawning of pink
shrimp in Florida waters occurs from April - July, although
ripe and nearly ripe females were found at other times of the
year. Eldred, Ingle, Woodburn, Hutton and Jones (1961) found
that shrimp which were spawned in late March or April could
reach 45 to 65 mm by July and that those spawned in May could
reach 25 to 35 mm by July.

Individuals impinged during the months of July, August
and September were probably spawned in late March or April,
Sampling indicated that an extended spawning season or multiple
spawning seasons do occur. Total length of impinged shrimp
ranged from 19 to 156 mm. Figure 7.4 presents monthly size
class data for P. duorarum.

From the extrapolated number of shrimp impinged over the

15 month study period it was estimated that approximately 920
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pounds (based on an average of 28 shrimp per Ib) of shrimp
were impinged by one unit., Based on these figures it was
estimated that the number of shrimp impinged at Big Bend (one
unit) represented approximately 0.23% of the Tampa Bay shrimp
landing from 1975 (USDC, 1975).

It was observed that large numbers of shrimp were alive in

the sluicing trough and in the samples {and survived 24 hours under experimental

conditions).

Callinectes sapidus

C. sapidus (blue crab) is a commercially important species
in the Tampa Bay area. Impingement totaled 1,277 individuals
(41.2 individuals/24 hours) and was the second most abundant
invertebrate captured. Maximum impingement occurred during
cooler months and minimum impingement occurred during the
warmer months., Blue crab impingement during December, 1976,
January and February, 1976 and 1977 accounted for 92.4% of the
total catch for this species. Using plant operational data,
it is estimated that 7,414 individuals (based on six months
of greatest abundance) would have been impinged by Unit 1
(or Unit 2) during the 15 months of 1976 and 1977.

Carapace width ranged from 9 to 170 mm., The only growth
trends that were evident occurred during the final four
sampl ing months., Mean carapace width increased from 40 mm

in December, 1976 to 76 mm by March, 1977. Monthly size
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class data for C. sapidus is presented jn Figure 7.5. A large
number of individuals were alive in samples and observed alive
in the sluicing trough. Based on commercial catch statistics
provided by the National Marine Fisheries Service, it was

estimated that approximately 0.7% of the commercial blue crab

catch was impinged by 1 unit jn 1976.

Limulus polyphemus

Limulus polyphemus (horseshoe crab) was the thijrd most

abundant invertebrate impinged (1,258 individuals). Impingement
was greatest during the coolepr months and least during the
warmer months, Impjngement during February, 1976 and 1977
accounted for 61.4% of the total catch for this species which
may have been due to an inshore spawning migration., After

spawning, L. polyphemus spends the rest of the summer feeding

in shallow water untjl the onset of wintepr when they move back
into the deeper water (Lewis, 1975), Little variation in
impingement was noted between day and night, or between males
and females, Approximately 7,304 individuals (based on 6
months of noted abundance) would have been impinged by Unit 1

(or Unit 2) throughout the study perjod.

L. polyphemus

All individuals (except 5) were alive at the time of

sample collection,
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Portunus gibbesi

P. gibbesi (Portunid crab) was the fourth most abundant "
invertebrate species impinged. Impingement occurred primarily

during the winter months (81,1% of total for this species
during December, 1976 and January and February, 1976 and
1977).

Carapace width ranged from 10 to 68 mm. Mean carapace
width increased approximately 13 mm from January through
May, 1976. No growth trends were noted throughout the remainder
of the sampling period., Monthly mean carapace width ranged
from 29 to 45 mm. A presentation of monthly size class data
is made in Figure 7.7.

Extrapolated values for the number of P. gibbesi impinged
over the study period show that 4,564 individuals would have
been impinged (based on a rate of 25 per day over six months
of noted abundance) over the 15 months,

A large number of the cabtured individuals survived

impingement and remained alive in the sluicing trough.

Lol liguncula brevis

Lol liguncula brevis (brief squid) was the fifth most

abundant invertebrate impinged.(704 individuals). This is a
commercially important species in the Tampa Bay area, being -

used primarily as bait. Maximum jmpingement at Big Bend
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occurred during June, July and August (51.9%) and least during
January, 1976, and April and February, 1977 (5.4%). Night
capture totaled 67.9% of the catch. Approximately 8289 indi-
viduals (based on 12 months noted abundance) would have been
impinged by Unit 1 (or Unit 2) during operational hours
throughout the study period, Utilizing commercial catch data
provfded by the National Marine Fisheries Service, it was
estimated that approximately 5.1% of the commercial brief
squid catch has the potential of being impinged by 1 unit in/
a full operational year,

Pen length ranged from 16 to 127 mm with several size
classes being captured nearly year round. No distinct growth
trends were noted over the entire sampling period. Figure 7.8

presents monthly size class data for L. brevis.

Squilla empusa

Squilla empusa (mantis shrimp) was the sixth most abundant

invertebrate impinged (598 individuals). Impingement occurred
primarily during the months of December, January and February,

1976 and January and February, 1977 (94.8% of the species

total). No individuals were captured from July through

November. Night impingement accounted for 63.5% of the total
catch, Approximately 3,472 individuals would have been impinged
by Unit 1 (or Unit 2) during operational hours in 1976 (at an
estimated rate of 19.3 per day over six months of noted abundance).
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Total length ranged from 65 to 150 mm. No discernable
growth trends were evident. Monthly size class data is pre-
sented in Figure 7.9.

Mantis shrimp appeared capable of surviving impingement
since large numbers of individuals were observed alive in the
sluicing trough,

Impingement of the remaining 21 invertebrates species
accounted for 15.2% of the total number of invertebrates and

1.1% of the total invertebrate biomass.

Fishes

Relative Abundance and Seasonality
A total of 9,946 fishes (60 species) were impinged on
Unit 1 or Unit 2 during 744 sampling hours between January,
1976 and March, 1977. Based on this information, an average
of 13.4 fish were impinged on one unit per hour of sampling
time,
Table 7.2 outlines the relative abundance of the six most

commonly impinged fishes (Anchoa mitchilli, bay anchovy;

Bairdiella chrysura, silver perch; Lagodon rhomboides, pinfish;

Cynoscion arenarius, sand seatrout; Prionotus scitulus, leopard

searobin; and Chloroscombrus chrysurus, Atlantic bumper).

These six species constituted 85.6% of the total number of

fishes that were impinged during sampling hours.
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Most of the fishes (59.2%) were impinged during the night
sampling hours (0001 to 0600 and 1800 to 2400 hours). However,
a t-test indicated that there was not a significant difference
between the number of fishes impinged during the day and the
number impinged at night (o = 0.05),

Seasonal variations in impingement were evident (Appendi x
7.A). The summer (1976) and winter (1977) months accounted
for the highest rates of impingement. (Appendix 7.C presents
a list of the fishes and macroinvertebrates that were impinged
during this study, and the season in which they were impinged.)

An average of 52.5 fish per sampling day were collected
between January and March, 1976. This rate increased each
quarter of sampling until a peak impingement rate of 417.3
fish per sampling day occurred between July and September, 1976,
Another peak occurred between January and March, 1977 when the
impingement rate rose to an average of 787.2 fish per sampling
day.

Throughout the fifteen month sampling period, three species
were seasonally abundant on the travelling screens. These three

species were Sciaenops ocellata (red drum), which were abundant

between January and March, 1976; Bairdiella chrysura (sand

seatrout), which were abundant between April and September, 1976;

and Anchoa mitchilli (bay anchovy) which peaked in abundance

between October, 1976 and March, 1977,
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Effects of Lighting

During sixty night sampling hours between January 24 and
March 19, 1976 a total of 183 fishes were impinged on the
travelling screens of Unit 1, when there was no lighting on
this structure. This corresponds to an average impingement
rate of 3.05 fishes per sampling hour.

Conversely, a total of 190 fishes (3.2/hour) were impinged
on the screens of Unit 1 during sixty night sampl ing hours when
normal lighting was in operation at this unit. While slightly
fewer fishes were impinged when the |ights were off, this
difference was not significant (t-test; ¢ = 0.05). Appendix 7.B
outlines the differences in abundance between lights on and
lights off sampling.

Certain regulations concerning lighting procedures forced
the premature termination of this phase of the study. While
the data is inconclusive, it does suggest that the effects of

lighting (e.g. attracting fish to the intake structure) on

impingement were negligible.

Effects of Temperature
Figure 7.3 outlines the relative abundance of impinged
organisms in relation to water temperature., Peak periods of
abundance on the travelling screens appeared to correspond to

high and low water temperatures recorded at the intake.
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Whether this trend is coincidental (e.g. a large number of fijsh
were present during these times and, therefore, more susceptible
to impingement) or causative (e.g. extreme low or high tempera-
tures may induce lethargy thereby increasing the probability of

impingement) is not known.
Dominant Species

Anchoa mitchilli

The bay anchovy (A. mitchilli) was the most abundant fish
impinged on the travelling screens. This species constituted

40.7% of the total number of vertebrates that were impinged
during sampling hours. An average impingement rate of 5.4
individuals per hour (129,6/day) was determined for the 744
hours that were sampled,

Most of the specimens (96.6%) were collected between
October, 1976 and March, 1977. The period between January and
March, 1977 accounted for 73.1% of the individuals.

Of the 4,045 individuals that were collected, 50.7% were
impinged at night,

Bay anchovies were abundant in the Big Bend area from
October through December, 1976 (Comp, 1977), and in February
and March, 1977 (see Chapter 8). Most of the anchovies
captured by the screens were adults (average standard length

was over 50 mm). This was probably due to mesh size selectivity
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of the screens, since juvenile bay anchovies were also abundant
during the periods of high temperature (see Chapter 8 ), yet
they were rarely found on the screens.

There are two possible explanations for the disparity in
abundance that was noted in the catches for January through
March, 1976 and for those made in January through March, 1977.
Relatively few anchovies were collected on the screens in early
1976. This species was absent from the seine catches during
this same period (Comp and Morris, 1976). |t is possible that,
for some reason, this species did not move into the shallow
inshore waters during early 1976 as they did in early 1977.
Accordingly, it is possible that the likelihood of impingement
during early 1977 increased as a result of the presence of large
numbers of individuals in the Big Bend area.

Another possibility is that sustained cold weather (and
water) may have induced lethargy thus increasing the suscepti-
bility of this fish to impingement.

Between the samp!ing periods from December 29, 1976 and
February 8, 1977, water temperature at the intake ranged from
12,6°C to 15°C. However, anchovies have been captured in areas
with low water temperatures (1600, Comp, Chapter §; 10.8°C,
Springer and Woodburn, 1960; 7.90C, Dahlber, 1972). That in-

creased rates of impingement were due to cold water is speculation,
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Extrapolating the data that was collected in 744 sampling
hours, one unit would impinge approximately 47,627 individuals
in one year (assuming that the unit was in operation every day).

This species is abundant in the Tampa Bay area (Chapter 8;
Springer and Woodburn, 1960), so it is doubtful that the
impingement rates that were determined for this species, signify
a detrimental depletion of this species.

Monthly size class data for A. mitchilli is presented in

Figure 7.10.

Bairdiella chrysura

The silver perch (Bairdiella chrysura) constituted 30.4%

of the total number of fish that were impinged during sampling
hours. The average impingement rate of this species was
approximately 98 fish per day (35,770 individuals/year/unit).

Of the 3028 specimens that were collected, 75.8% of the
individuals were impinged at night. Most of the individuals
(85.7%) were impinged between April and September, 1976. Peak
catches occurred in July,

Standard length distribution of this species is presented
in Figure 7.11, Growth patterns are difficult to discern.

Eggs of this species were found in the Big Bend area in
February and March, 1976 (T. D. Phillips, pers. comm.). This
indicates a late winter - spring spawning season. This agrees

with the findings of Springer and Woodburn (1960). Based on
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the data collected from the travelling screens, it is conceivable
that the adults move to offshore areas in the bay to spawn., Upon
cessation of spawning periods, the adults migrate back to the
shallower areas. This migration apparently occurs during the
summer and fall months. Merely by their relative abundance in
this area during the summer and fall, this species becomes more

susceptible to impingement.

Lagodon rhomboides

Pinfish (Lagodon rhomboides) accounted for 4.8% of the

total number of fishes that were impinged within 744 sampling
hours. Based on the actual number of pinfish that were collected,
an average of 154 fish per day were impinged (5621 individuals/year/unit).
Of the 476 pinfish that were collected on the screens
during sampling hours, 56.9% were impinged during the day.
Pinfish were most frequently impinged between January and
March, 1977. Fewest individuals were impinged between October
and December, 1976. Since spawning apparently occurs in the
Gulf during late fall and early winter (Springer and Woodburn,
1960) this species would not be expected to be abundant in
inshore areas during this time. Pinfish were noticeably absent
from the seine catches during this period (Comp, 1977), which
supports the belief that much of the population had migrated

to the Gulf, or offshore regions,
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Pinfish have been collected in water with temperatures as
low as lO.OOC (Springer and Woodburn, 1960). It is not known
if sustained low temperatures in the discharge area increased
the susceptibility of impingement for this species during early
1977. Again, it is possible that the normal seasonal abundance
may have contributed more to impingement than the effects of
temperature,

Figure 7.12 presents monthly standard length distributions

of L. rhomboides.

Cynoscion arenarius

The sand seatrout (Cynoscion arenarius) was the fourth

most abundant fish impinged during sampling hours. This species
constituted 3.4% of the total fish catch. Based on this data,
an average of 11.2 sand seatrout were impinged per day.,

Of the 343 individuals that were impinged, 57.7% were
impinged during the night. Peak impingement occurred between
April and June, 1976 and again between October and December,
1976.

Based on actual data, approximately 4,088 individuals
would be impinged by one unit during the year.

Larvae of this species are common in the Big Bend area
throughout the summer months (Phillips, 1977). Reid (1954)
captured sexually mature adults of this species in the spring,

This indicates a spring - summer breeding season.
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Small specimens (SLL 35 mm) were impinged in May, June,
July and September, 1976. These findings also indicate an
extended breeding season for this species.

A length distribution outline for C. arenarius is presented
in Figure 7.13. Average standard length appears to steadily

increase from October, 1976 through March, 1977.
IMPACT ASSESSMENT

To accurately assess the impact of impingement on fish
and macroinvertebrate communities, the standing crop and/or
productivity potential of those communities should be enumerated.
Unfortunately, this is a difficult, if not impossible task in
estuarine areas since these regions support such dynamic
communities. Constant migrations to and from these areas
cause significant changes in seasonal abundance and species
composition,

Assessment of impact in these regions is limited to
comparing impingement data with other methods of sample
collection in the same area (e.g. seines and trawls); known
seasonal patterns of abundance; other impingement studies; and
commercial catch data.

When compared to other studies (Mathur, Heisey and

Magnusson, 1977; Edwards, Hunt, Milla, and Sevic, 1975; Landry
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and Strawn, 1974) the impingement rate at Big Bend is rather
low. This is due in part to the location of the intake
structure. Since the travelling screens are removed from a
major source of water (see Figure 7.2) most fishes and inverte-
brates would not be subjected to impingement. The current
(flow) due to the intake mechanism is negligible at the west
end of the intake canal, ThereForé, only those individuals
which enter the canal voluntarily would be susceptible to
impingement,

Coal barges dock at the west end of the intake canal. As
these barges approach the dock, there is a remote possibility
that the barges will “herd” schools of fishes into the canal,
Subjective visual observations have not substantiated this
occurrence. However, we are cognizant of the possibility that
herding may occur,

Most increases and/or decreases in impingement rates
appear to correspond to seasonal changes in abundance. Sea-
sonality has also been a factor which influenced impingement
rates at other sites (Mathus, et al., 1977; Edwards, et al.,
1975; Landry and Strawn, 1974; Grimes, 1971),

The time of day (or night) can also influence impingement
rates (Appendix 7.D). During this study, more individuals
were impinged during the night, especially between 0001 and 0600

hours, but this was not statistically significant.
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Impingement at Big Bend does not appear to be significantly
depleting the commercial stock in this area. Based on the 1976
commerical catch for Hillsborough County (B. Gassinger, National
Marine Fisheries Service, pers. comm,) one unit may have
impinged approximately 0.23% of the commercial pink shrimp
catch and 0.7% of the commercial blue crab catch, Extrapolated
impingement data for one year indicated that one unit has the
potential of impinging approximately 5.1% of the commercijal
catch of brief squid (L. brevis). Since rates of impingement
vary with the seasons, these estimates are probably exaggerated.

Based on the data that was collected during 7 4 sampling
hours between January, 1976 and March, 1977, it does not
appear tHat impingement at Big Bend is significantly depleting
the commercial fish and macroinvertebrate populations in this

area,
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SUMMARY AND CONCLUSIONS

A total of 9,382 macroinvertebrates (27 species) were
impinged on either Unit 1 or Unit 2 during 744 sampling
hours.

The average rate of impingement for Unit 1 was 302.6
invertebrates per day.

Pink shrimp (Penaeus duorarum), blue crabs (Callinectes

sapidus), horseshoe crabs (Limulus polyphemus), portunid

crabs (Portunus gibbesii), brief squid (Lolliguncula

_brevis), and mantis shrimp (Squilla empusa) constituted

84.8% of the total number of invertebrates that were
impinged.

The pink shrimp (P. duorarum) constituted 35.6% of the
total invertebrate catch.

The highest number of invertebrates were impinged during
summer and winter, the periods of temperature extremes.
There was no significant difference (4= .05) in the
number of invertebrates impinged when the intake
structure |ights were off and then when they were on.

A total of 9946 fishes (60 species) were impinged on
Unit 1 er Unit 2 during 744 sampling hours between

January, 1976 and March, 1977.

TND



10.

11.

12,

13.

14.

The average rate of impingement was 320.8 fishes per day
for one unit,

Bay anchovies (Anchoa mitchilli), silver perch (Bairdiella

chrysura), pinfish (Lagodon rhomboides), sand seatrout,

(Cynoscion arenarius), leopard searobin (Prinotus scitilus),

and Atlantic bumper (Chloroscombrus chrysurus) constituted

85.6% of the total number of fishes that were impinged,
Most of the fishes (59.2% were impinged at night.

The summer and winter months accounted for the highest
rates of impingement.

Lighting on the intake structure did not appear to
significantly increase the impingement rate for fishes.,
Rates of impingement appear to be dependent on seasonal
variations in abundance.

Impingement at Big Bend does not appear to be significantly
depleting the commercial fish or invertebrate stock in this

area,
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Appendix 7. A . Seasonal abundance of invertebrates and vertebrates
impinged during the day and night.

INVERTEBRATES VERTEBRATES

Day Night Total Day Night Total Total
Jan.- Mar. 945 1509 2454 120 195 315 2769
Apr.~June 418 646 1064 451 888 1339 2403
July=-Sept. 1075 1454 2529 603 1901 2504 5033
Oct.=Dec. 721 572 1293 1017 835 1852 3145
Jan.-Mar, 790 1252 2042 1871 2065 3936 5978
TOTALS 3949 5433 9382 4062 5844 9946 19328
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Appendix 7,B . Comparison of impingement with the intake structure
lights on and with the lights off. (1=0001-0600 hrs;
4=1800-2400 hrs).

Lights Off
Total Total Total Total
Date(1976)Time Vertebrates Invertebrates Individuals Species
1/24 1 46 162 208 21
4 93 383 476 23
2/10 1 4 164 168 14
4 1 61 62 12
2/17 1 3 130 133 13
4 12 102 114 17
3/5 1 4 88 92 9
4 8 36 44 9
3/19 1 5 60 65 8
¢ 7 75 _82 14
TOTALS 183 1261 1444
Lights off
1/21 1 12 94 106 16
4 23 289 312 17
2/5 1 81 319 400 29
4 15 93 108 13
2/16 1 20 233 253 19
4 7 21 28 12
3/3 1 74 80
4 102 105
3/17 1 16 173 189 12
+ 7 _76 Y 11
TOTALS 190 1474 1664
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Appendix 7. C. A list of fishes and macroinvertebrates that were
impinged on the travelling screens between
January, 1976 and March, 1977. (For more infornmra—
tion, refer to previous quarterly reports),

Macroinvertebrate Jan,~ April- July- Oct.~- Jan .=
Species Mar. June Sept. Dec. March

Aurelia aurita X X X

>
>

Chrysura guinguecirrha

Aplysia willeoxi

Lolliguncula brevis

Squilla empusa

>xoox X X

Limulus polyphemus

> X X X
> >xX X X
X X X X

Penaeus duorarum

Trachypenaeus
constrictus

Alpheus heterochalis X X
Upogebia sp.

Petrol isthes armatus X

Petrolisthes sp. X

Pagurus longicarpus

Portunus gibbesii X X

XX > X X
><

>

Portunus sp.

Callinectes ornatus X X

Callinectes sapidus X X

Callinectes sp.

Menippe mercenarita X X

>X.ox x x
>
>

Hexapanopeus angustifrons
Neopanope texana
texana

Eurypanopeus depressus

Panopeus herbstii

Sesarma cinerium

Sesarma reticulatum

Libinia dubia

> oOoxX X X X X
> >xX X X X
XX X X X X
>X X >xX X X
>) o>X X X X X
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Appendix 7.C . A list of fishes and macroinvertebrates that were
impinged on the travelling screens between _
January, 1976 and March, 1977. (For more informas
tion, refer to previous quarterly reports),

(continued)

Macroinvertebrate Jan«~ April= July= Oct,- Jana.=
Species Mar, June Sept. Dec. March
Mogula sp. X X X X X

Yertebrate Species

Sphyrna tiburo . X

Dasvatis americana X

Dasyatis sayi X

Gymnura micrura X

Rhinoptera bonasus

Elops saurus

Ophichthus gomesi

Harengula jaguana X

Opisthonema ogl inum X X

Anchoa hepsetus
Anchoa mitchilli X X X
Synodus foetens
Arius felis X X X X

XK X X X X X X X

>x >xX X X

Bagre marinus

Opsanus beta X X X X X

Porichthys porosissmus

Bobiesox strumosus X X X

Urophycis floridanus X

Hyporhamphus
unifasciatus X X

Strongylura timucu

Cyprinodon variegatus

Lucania parva X

Membras martinica X X

Menidia beryllina X X X




Appendix 7.C . A list of fishes and macroinvertebrates that were

(Continued) impinged on the travelling screens between
January, 1976 and March, 1977. (For more informa-
tion, refer to previous quarterly reports),

Vertebrate Jans=  April- July~ Oct.- Jan »=
Species Mar. June Sept. Dec. March
Hippocampus erectus X X X X
Syngnathus louisianae X
Syngnathus scovell j X
Caranx hippos : X

Chloroscombrus
chrysurus X X X X

Hemicaranx
amblyrhynchus

Oligoplites saurus

Selene vomer

Diapterus plumieri X

Eucinostomus argenteus X X

>

Eucinostemus gula X

X X X X X X X

Orthopristis chrysoptera

Archosargus
probatocephal us

Lagodon rhomboides X

>

Bairdiella'chrysura

Cynoscion arenarius X

X X > x x
> > X X
> X > X

Cynoscion nebulosus

Leiostomus xanthurus

Menticirrhus americanus

Menticirrhus saxatilis

Micropogon undulatus

Sciaenops ocellata’ X

Chaetodipterus faber X

XK X X X X X XX X X X X

Mugil cephalus
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Appendix 7.C. A list of fishes and macroinvertebrates that were
Continued) impinged on the travelling screens between
January, 1976 and March, 1977. (For more informa=
tion, ref r to previous quarterly reports).

Yertebrate Jan.-  April- July- Oct.- Jan.=
Species Mar. June Sept. Dec. March
Astroscopus y=graecum X
Hypsoblennius hentzi X X X

Bathygobius soporator

Prionotus scitulus

Prionotus tribulus

Achirus lineatus

Trinectes maculatus

Symphurus plagiusa

X X X X X X
> X X X X X

Monocanthus hispidus

Acanthostracion
‘guadricornis

Sphoeroides nephalus X

>
>
>
>

Chilomycterus schoépfi




Appendix 7.D ., Seasonal abundance of the total number of
individuals impinged during the four sampling
periods. (1 = 0001-0600 hrs; 2 = 0601-1200 hrs;
3=1201-1800 hrs; 4 = 1801-2400 hrs).

Jan.=Mar. April=June July=Septs Oct=Decs Jan«=Mar. Total

1 1029 692 1810 795 2118 6444
2 325 609 837 849 2001 4621
3 740 260 841 889 660 3390
4 675 842 1545 612 1199 4873
TOTAL 2769 2403 5033 3145 5978 19328
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INTRODUCT!ON

The increasing demand for electrical energy has continually
warranted expansion of the power industry, The potential of
debilitating effects, resulting from power plant operation, has
proportionately increased as these plants discharge waste heat
into marine and aquatic environments,

The direct effects of thermal discharge can fluctuate
between beneficial and detrimental, depending partially on the
site location, the season, and the extent of water temperature
increase attributable to power plant operation. Thermal
effluent may affect organismic physiological or chemical
processes. The effects may be beneficial, e.g. enhancing
the growth rates of certain species, or detrimental, €.g.
causing a synergistic effect with a pollutant already present
in the water,

Generally, most effects are concentrated in' an area
around the discharge site. Roessler and Tabb (1974), in a
study at the Turkey Point nuclear power plant (Biscayne Bay,
Florida), found that a localized area of three hundred acres

was detrimentally affected by the thermal discharge.



The warm water which permeates the discharge area can
influence abundance and diversity values, depending on the
season. Studies at the Crystal River Power Plant (Grimes, 1971)
showed that diversity increased with distance away from the outfall
in summer and toward the outfall in winter. Gallaway and
Strawn (1974) found that a seasonal change in abundance and
distribution patterns of dominant fish species was occurring
in the discharge area of a generating station on Galveston
Bay. However, they concluded that, overall, the detrimental
effects of the heated effluent were negligible on the fish
fauna in the discharge area.

Changes in fish populations or in community structure
may occur as a direct result of physiological stress, or as
a response to a change in a lower trophic level, e.g. a plankton
community. |If a temperature increase causes the reduction or
elimination of a source of food, changes in community structure
may become evident as certain species are forced to move
elsewhere in search of a suitable food supply.

However, not all fish movement can be interpreted as a
response to a stress induced situation. Fish populations are
generally characterized by constant movement in response to
feeding, breeding and seasonal patterns. Drastic deviation
from such establiished (natural) patterns could, however, indi-

cate a stressed environment,
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Fish and macroinvertebrate populations in the vicinity
of Tampa Electric Company’s Big Bend steam electric station,
have been monitored on a quarterly basis since 1970. This
baseline information (1970 -1975) has been summarized in a
srevious report (TECO, 1975).

In January 1976, a™16 (a) and (b) demonstratiod’ was
initiated at the study site. These studies continued through
March, 1977. The results and conclusions derived from the
seine and trawl collections of this study are presented in

this final report.

Specific Objectives

The purpose of this section of the 316 demonstration is
to assess the effects of thermal discharge on the fish and
macroinvertebrate populations in the vicinity of the Big Bend
Steam Electric Station. To ensure a comprehensive impact
assessment, the following factors were considered:

1) the species composition and community structure of the
fish and macroinvertebrate populations in the area;

2) the relative abundance of these species;

3) the migratory and seasonal habits of the indigenous and
transient species;

4) nursery areas;

5) the distribution of commercially important species;
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6) changes in the species composition or relative abundance
that could be directly or indirectly attributed to the
discharging of the thermal effluent; and

7) the long term implications of changes in community struc-
ture, if such changes are the result of thermal alteration

of habitats.

Sampling Scope and Limitations

inherent limitations are prevalent in any study that
involves actively sampling fish populations. |If similar
methods of sample collection and data analysis are utilized
throughout the period of study, these limitations should
not reduce the validity of the study for detecting trends.

The number of replicates that are required at.each station
to adequately sample a given population, is site and season
specific. 1In the present study, two replicate seine hauls or
trawl tows were collected at each station. The biological
staff of Conservation Consultants, Inc., along with representa-
tives from the Environmental Protection Agency, the Florida
Department of Environmental Regulation and the U. S.

Fish and Wildlife Service felt that this number (of
replicates) would be sufficient to achieve the speéiFic objec-
tives of this study.

Previous studies have supported this decision. The use

of three or less replicate hauls or tows per station is a
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widely accepted sampling method which has been implemented in
various ecological studies (Gallaway and Strawn, 1974; Haedrich
and Haedrich, 1974; McErlean, (YConnor, Mihursky and Gibson, 1973; Bechtel
and Copeland, 1970; Dahlberg and Odum, 1970). Depending on the
area being sampled, the number of traw!l replicates may vary
between 7 and 10 (Livingston, 1975; Roessler and Tabb, 1974;
and Roessler, 1965).

The data collected in this study was not subjected to
rigorous statistical analysis (and testing) because of the
inherent problems associated with fitting catch data to statis-
tical hypotheses. However, we did utilize certain specific
statistical methods to provide a baseline for comparing our
results with those of previous studies, and to allow a mathe-
matical comparison of catch data between stations, seasons, and
thermally affected and non-affected areas. Conclusions of this
study were not, however, based solely on the interpretation of
statistical analyses.

Sampling limitations should not significantly affect the
results of a study if standardized sampling methods are incor-
porated. McErlean, et al. (1973) stated that serial comparisons
of successive samplings using the same method are justifiable.
Katz and Gaufin (1953) found such obvious differences in the
fish populations they sampled, that the sampling errors were
relatively unimportant. Regardless of the limitations of

sampling with a seine, Subrahmanyam and Drake (1975) were able
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to show seasonal patterns and changes in communities related
to tides in a Florida salt marsh,

From previous literature, it appears that comprehensive
analysis and interpretation of data, collected by a limited
number of replicates over a long period of time, is a valid
approach to attain the goals of this study. We feel, there-
fore, that sampling errors were within reason and that there is
little, if any, doubt concerning the validity of the conclusions

arrived at during the recent study.

Specific Limitations of the Sampling Gears

The detection of changes in abundance or species compo-
sition does not necessarily imply that these changes can be
attributed to thermally altered water.

The spatial and temporal distribution of fishes and
macroinvertebrates often biases sample collections. Highly
mobile fishes can avoid a net simply by swimming away from
the net’s path. Otter trawls are generally selective for
bottom dwelling species and some schooling species which
frequent areas close to the bottom.

The type of substrate over which sampling occqrs can
influence net efficiency. A muddy or irregular bottom can
inadvertantly cause a trawl to bog down, thereby decreasing

its effectiveness. A rocky bottom may cause the lead line
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of a seine to rise off the bottom and aliow individuals to
escape underneath,

The dimensions of the sampling net may influence its
efficiency. Kjelson (1977) implied that, while absolute
catch efficiency was 52% for a 6.1 m trawl for juvenile pin-

fish (Lagodon rhomboides), absolute catch efficiency for this

same species would drop to 8% if a 3.0 m trawl was used.
Since a 3.0 m trawl was used in this study, the catch

efficiency may have been low,

METHODS

Seine Stations

Seine sampling was conducted monthly at six stations.
Sampling sites were chosen on the basis of their proximity
to or distance from the thermal plume, substratum composition
and type of habitat.

The station locations are depicted in Figure 8,1, and

described in Table 8.1 (also see Comp and Morris, 1976; and Comp,

1976).
Sampl ing

The seine used in this study was 150’ x 6’, and was
constructed of 3/4 inch stretch mesh multifilament nylon. A
bag (4’ x 4’ x 127) constructed of 1/2 inch stretch mesh
multifilament nylon was added to the center of the seine to

facilitate the collection of specimens. A 6’ x 10’ panel
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of 1/2 inch stretch mesh multifilament nylon was added to the
body of the seine on both sides of the bag.

The seine was deployed by boat at all but one (SB-10)
of the sampling stations. One end of the net was anchored
to shore. The remaining net was payed out as the boat was
backed perpendicular to the shore. A half circle configura-
tion was then formed as the boat dragged the net toward shore.
The seine was then hauled onto the beach. Duplicate hauls (2)
were taken at each station.

It was not feasible to use the boat at station SB-10, due
to the shallowness of this area. Instead the seine was set
and hauled by hand.

To assess sampling efficiency, five replicate seine hauls
(instead of two) were taken at two different stations on

consecutive days. This procedure was implemented once during

this study.

Trawl Stations

Trawl samples were collected along seven transects each
quarter. The transect sites were chosen on the basis of their
location in relation to the thermal plume, depth, substratum
composition, and habitat. Transect locations are depicted in

Figure 8.1 and described in Table 8.2.
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Samp | ing
A 10’ otter trawl constructed of 1 1/2 inch stretch mesh

multifilament nylon was used during this study. A 47 bag
constructed of 1/4 inch ACE nylon was added to the cod end to
facilitate the capture of small specimens.

The trawl was towed behind a 24’ Pro-line boat equipped
with twin 85 h.p. engines. To minimize variability in tow
duration, all tows were scaled to the shortest transect (intake
canal). Approximately five minutes were required to trawl the
intake canal at a speed of 2-3 knots. Therefore, the remaining
transects were sampled for a comparable period of time and speed.
Duplicate tows (2) were made along each transect. In an attempt
to further reduce variation, replicate tows were made in the
same direction as the inital tow at each station.

To assess sampling efficiency, five replicate tows
(instead of two) were taken along two different transects
on consecutive.days. This procedure was'implemented once

during this study,

Seine and Trawl

Physical and Chemical Parameters
Physical and chemical parameters were recorded at each

station using the instruments outlined as follows:
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Parameter Measuring Instrument

Air Temperature Mercury Thermometer
(=20 °C to 50 °¢)

DO and Water Temperature | YS| Mode! 54 Pressure
Compensated Oxygen Meter

Salinity YSI Model 33 S-C-T Meter
Turbidity Hach Mode! 2100 A Turbidimeter
Depth Ray Jefferson Model 5300

Recorder/Flasher

The following parameters were measured at the seine stations
after the second replicate haul was made; wind speed and
direction; air temperature; and surface readings of water
temperature, dissolved oxygen, salinity, and turbidity. When
possible, these readings (except turbidity) were also measured
two weeks following a seine sample collection so that changes
in these parameters could be monitored more efficiently,

The following parameters were measured at the beginning
and end of the second replicate tow along trawl transects:
wind speed and direction; air temperature; depth; surface and
bottom readings of air temperature, dissolved oxygen, and

salinity; and bottom measurements of turbidity.
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Laboratory Methods

All specimens were preserved in the field in 10% buffered
formalin and seawater. The individuals were sorted, identified,
weighed (wet weight to the nearest 0.1 g), and measured (standard
length to the nearest 1 mm) at the | aboratory.

Up to 75 individuals per species per replicate were measured
and sorted into 10 mm size classes. Total weight was obtained
by combining the weights of all the size classes. |f the total
number of individuals of a single species exceeded 75 in one
replicate, a random sample of 75 individuals were measured, sort ed,
and weighed. The balance was counted and weighed as a group.

Certain species (Fundulus similis, Menidia beryllina,

Membras martinica, Lagodon rhomboides and Mugil cephalus) were

weighed and measured individually (up to 75 individuals per repli-
cate) so that a condition factor could be calcul ated.
Random samples of selected species were dissected each

month and were cursorily examined for gonad development and

stomach contents.
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Data Reduction and Analyses

A variety of bioindices and statistical tests were utilized
to aid in the interpretation of data. A Data General Nova J
computer was used to generate the bioindices listed below. The
statistical procedures and tests were calculated with a Texas
Instruments SR-52A programmable calculator. The reader is
referred to the Benthic Section of this report for a more
detailed description of the computer facilities.

The reader is referred to Mahadevan (1976) for a detailed

description of some of the following indices.
Bioindices

1) Shannon-Weaver Index of Diversity (Shannon and
Weaver, 1963).
He = /N (N log1o N - ni logyy ni)
2) Margalef’s Species Richness Index (Margalef, 1958)
D = > 1log N
3) Pielou’s Equitability Index (Pielou, 1966)
J’ = H'/log S

4) Morisita’s Index of Similarity (Morisita, 1959)

$ e ,
_ . 1i "2
5) Condition Factor (Modified from Lagler, 1956)

WX 105

K =25

W = weight in grams
L = standard length in mm

K = condition factor
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Statistical Procedures and Tests

1) Multiple Regression (Snedecor and Cochran, 1967).
2) Linear Regression (Snedecor and Cochran, 1967).

3) Student’s T-test (Snedecor and Cochran, 1967).

RESULTS AND DISCUSSION

Seine
Physical and Chemical Parameters

Of the parameters that were monitored during this study,
water temperature and salinity probably would exert the greatest
influence on estuarine community structure. |

The annual averages and ranges of these two parameters are
outlined below. The monthly values of these parameters have
been presented in previous reports (Comp and Morris, 1976;

Comp, 1976; Comp, 1977a; Comp, 1977b) and in TECO, (1977).

Temperature ©C Salinity o/oo
Station Average Range Average Range
SB-12 25.4 15-34 23.8 20-29
SB-5 24.1 14-32 23.7 20-29
SB-14 22.8 12-31 23.1 18-27
SB-10 25.8 18-34.5 23.6 19-27
SB-11 23.8 16-32.5 23.7 20-29
SB-13 24.2 12-34 23.4 119.5%27

The highest yearly average water temperature (25.8°C)
occurred at station SB-10 (northern embayment). Due to the

shal lowness of this station, solar heating probably exerted
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a greater influence than the thermal discharge on the water
temperature in this area.

The greatest influence that the thermal discharge had
at any one seine station occurred at station SB-12 (north-
west end of Apollo Beach). This area is inundated by the
effluent as it enters Hillsborough Bay. The yearly average
water temperature at this station was 25.40C. Station SB-j5
(approximately 1500 m. south of SB-12) is out of the range
of the thermal plume. Water temperature at this station
averaged 24.1 °C for the fifteen month period. When the bi-
monthly readings were taken, the water temperature at SB-5
was usually 2°C cooler than the water temperature at SB-lé.
Since these two stations have similar locations, depths and
substrata, the thermal effluent must be directly responsible
for the temperature differences that were noted between these
two stations. The water temperatures at these two stations
have been plotted in Figure 8.2.

The water temperature at the seine stations correspond
to seasonal fluctuations in air temperature. Solar heating
also contributed to the high temperatures that were recorded
at some stations outside of the thermal plume boundaries.

Dissolved oxygen and salinity values probably did not
fluctuate enough to be limiting factors in community struc-
ture, abundance, or distribution. Salinity ranged from a high

of 29 °/oo at stations SB-5, SB-12, and SB-11 in May, 1976 to
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a low of 18 ®/o0o at stations SB-12 and SB-14 in February, 1977.
DO fluctuated between a high of 11.7 ppm at station SB=5 in
February, 1976 to a low of 5.0 ppm at station SB-10 in August,

1976-

Systematic Account

The following is a systematic account of some of the
fishes and macroinvertebrates that were collected by seine
between January, 1976 and March, 1977. The species listed
in this account were chosen on the basis of their commercial
importance in the Tampa Bay area and/or their relative abun-
dance in the seine catches.

When possible, these data will be compared with the
baseline data that was collected in this area prior to the
inception of this program. A table presented by Phillips
(1976a) will be the primary source of information for this
comparison. This table lists, by season, the total number
of fishes that were collected with seines, trawls, travelling
screens, and crab traps between fall, 1970 and fall, 1975.

Information, compiled from studies that were conducted
in relatively unstressed areas, is also included in this
account. This enables a comparison of the trends noted in
the Big Bend area to those of other studies. Deviations
from usual life histories could be indicative of a stressed

environment.
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The ranges listed in this account refer to the ranges
that were observed (measured) between January, 1976 and

March, 1977.

The generic and common names of the fishes listed in
this account follow those of the American Fisheries Society

(Bailey, et al., 1970).

Harengula jaguana

Scaled sardine

Number collected: 1721
Size range: 62-138 mm
Temperature range: 12—3400
Salinity range: 18-25 ®/oo

The scaled sardine was formerly referred to as H.

pensacolae. Whitehead (1973) has presented evidence which

indicates that H. jaguana is the correct generic name for
this species.

H. Jjaguana is an inhabitant of the open bay in the Big
Bend area. All but 3 of the 1721 specimens collected between
January, 1976 and March, 1977 were captured at seine stations
on the open bay. Most of the individuals (98%) were captured
during the summer and fall months. This corresponds to the

time when Springer and Woodburn (1960) found this species in

abundance.
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This species apparently inhabits the Big Bend area in
all but the winter months. Although few adults were captured
before late summer, Phillips (1976b, 1977) reported the
presence of eggs and larvae of this species in the Big Bend
area between late April and July. The adults apparently
spawn in offshore waters during this time (April - July) and
are not accessible by our sampling methods. Springer and
Woodburn (1960) indicated that spawning of this species
occurs in April and May.

There are conflicting reports concerning the influence
of temperature and salinity on this species. Springer and
Woodburn (1960) in their study of Tampa Bay, and Gunter (i945)
in his study of the Texas Coast, caught few H. jaguana when
salinity concentrations dropped below 25 o/oo. In the Big
Bend area, H. Jaguana was most abundant at the Pine Key sta-
tion (SB-14), during September and October. Salinity values
at the time of sample collection were 22 and 23 o/oo for
September and October respectively.

Gunter (1945) also noted the disappearance of H.
jaguana when water temperature fell below 24°C, Héwever,
Reid (1954) captured individuals of this species in March,
when surface water temperature was 20.8°C and Mountain (1972)
captured specimens at a temperature of 17.1°C. We captured
one specimen in November when the water temperature was 20°C

and 2 specimens the following February when the water temp-
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erature was 14°C. The coldest water temperature at which

Springer and Woodburn (1960) captured live specimens was

16.8°c. They found 2 cold-killed specimens after a severe

cold wave. The water temperature had dropped to 13°c.

Those that we captured at 14°C showed no ill-effects as a

result of low water temperature, even though this temperature

was apparently close to their lethal minimum temperature.
Scaled sardines were collected at temperatures as high

as 35.1°C by Springer and Woodburn (1960) and 37.9°C by

Springer and McErlean (1962).

Anchoa mitchilli Valenciennes

Bay anchovy

Number collected: 9171

Size range: 18-65 mm

Temperature range: 16-32°C
Salinity range; 20-24 o/oo

A. mitchilli were abundant in seine catches in October
through December, 1976 and again in February and March of
1977.

Most of the specimens were collected at shallow inshore
stations, and were probably utilizing these areas as nursery
grounds.

An extended spawning season was indicated since two
distinct groups of young individuals inhabited the shallows
at two different times. Those individuals collected in
October through December had a mean standard length of less

than 31 mm. Those collected in February had a mean standard
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length of less than 26 mm. Phillips (pers. comm.) indicated
that an extended spawning season (between March and October)
occurs in the Big Bend area. Gunter (1945) also noted that
the spawning season for this species in Texas, may extend
from spring through fall.

Bay anchovies have been collected at temperatures as
low as 7.9°C (Dahlberg, 1972) and as high as 32.5°C (Springer
and Woodburn, 1960). Salinity extremes range from 0 0/oo
(Tabb and Manning, 1961) to 35 o/oo(Springer and Woodburn,
1960).

Cyprinodon variegatus Lacépéde
Sheepshead minnow

Number collected: 2961

Size range: 14-58 mm

Temperature range: 14—34.50C
Salinity range: 19-27 0/oo

C. variegatus were captured consistently at station

SB-10, an embayment station. Of the 2,961 individuals that
were collected, only 28 were found at stations other than
SB~10. The relative abundance of this species at this sta-
tion reflects its habitat preference (Martin, 1972; Springer
and Woodburn, 1960; Kilby, 1955).

This species was collected during every month, but it
was most abundant from May through August, 1976. The fish
is eurythermal (Springer and Woodburn, 1960) and has been

collected in areas where the water temperature ranged from

8.8 to 34.900 (Gunter, 1945).
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The greatest decrease in the relative abundance of this
species between two sampling periods, occurred between August
and September, 1976. A total of 449 individuals were captured
at SB-10 in August, as opposed to a total catch of only 11
at SB-10 in September. Water temperature at this station
rose from 32 to 34.5°C.between the August and September col-
lections. Abundance levels rose to 94 individuals captured
at SB~10 in November. A corresponding decrease in water
temperature (to 28°C) was also noted.

While this species is eurythermal, it is possible that
temperatures above 35°C are approaching the critical thermal
maximum for this species.

Young specimens (Y SL f‘ZOmm) were captured in April, May,
November and December, 1976, and January, 1977. These results
contradict the findings of Springer and Woodburn (1960) who
felt that spawning apparently occurred only during the summer
months. Kilby (1955) thought that spawning couldxoccur year-
round in the warmer waters of the Gulf.

Fundulus similis (Baird and Girard)
Longnose killifish

Number collected: 7704

Size range: 9-117mm

Temperature range: 12-34.5%
Salinity range: 18-29 %0

This was one of the most ubiquitous and abundant species
captured within the course of this study, and during several

preceeding years (Phillips, 1976a). Specimens were captured
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at 3 to 60 seine stations each month.

Growth progression was outlined in Table 8,3. Young
specimens (Y SL§_23 mm) were captured almost every month,
thus indicating year-round spawning activity. Kilby (1955)
also found young specimens in his collections throughout
the seasons.

Other studies show temperature and salinity ranges for
longnose killifish of 13.0 - 33.5°C and 3.2 - 76.1 ®/oo ""
(Mountain, 1972; Springer and Woodburn, 1960; Simpson and
Gunter, 1956).

The distribution of this species did not appear to be
influenced by temperature or salinity variations.

Menidia beryllina (Cope)
Tidewater silverside
Number collected: 20,256
Size range: 14-96mm

Temperature range: 12-34.5
Salinity range: 18-29

M. beryllina was abundant in the area throughout this
sampling period. |t has been common in the catches collected at
Big Bend during the previous several years (Phillips, 1976a).
Individuals were collected at atleast 4 seine stations (usually
5 or 6) each month during the present study.

Growth rates are presented in Table 8.4 but patterns
are difficult to discern. The presence of young individuals

(2 SL é 23mm) was apparent in January (1977, February (1976 and 1977).
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Table 8.3. Growth progression of Fundulus similis captured
by seine between January, 1976 and March, 1977.

Mid
Class
(mm) J F M AMJI J A S O ND J F M
8 1
11 5
14 11
17 1 1 1 26 16 .
20 13 7 1 1
23 1 1 1 5 1 3 1
26 1 1 3 17 2 2 1
29 4 1 1 6 2 1 2 2
32 8 1 3 1 4 8 1
35 17 1 3 5 1 3 815 1
38 1 52 21011 3 1 3 216 15 3
41 2 2102019 232213 1 4 713 9 3
44 7 6132229 93010 6 8 41216 5
47 1 10 5 16 14 27 11 22 13 10 4 12 25 16 1
50 5 420 617 17 36 19 6 6 3 16 17 6
53 1 5 615 6 18243617 7 3 8 13 11 2
56 4 417 321243432 9 1 811 9 16
59 2 4 416 7 527 3329 13 9 16 14 14 8
62 2 6 114 4 912 21 16 19 6 14 9 8 13
65 3 4 912 5 4 14 22 28 25 7 24 11 7 25
68 410 7 6 2 6 515 14 18 12 26 11 14 18
71 415 7 7 4 4 2 8 13 14 14 25 25 28 17
74 325 8 511 2 4 9 9 12 14 29 24 26 21
77 330 8 2 4 1 4 8 5 7 82043 2015
80 43412 2 9 1 4 4 4 10 13 23 46 26 17
83 542 9 3 8 1 6 1 4 9 8 11 29 13 10
86 43313 510 1 1 1 4 5 9 6 30 12 16
89 736 6 415 3 1 3 2 4 129 9 8
92 6 27 9 8 2 5 1 218 5 14
95 7 2210 214 1 5 1 3 9 9 5
98 22212 1 11 2 1 1 2 2 3 8
101 120 7 311 1 1 2 2 4 5 3 3
104 13 7 7 1 1 2 3 2
107 7 1 4 2 1
110 8 1 1 1
113 2
116 3
119 1
TOTAL 59 397 160 176 201 179 204 323 243 194 224 278 748 321 242
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Table & 4. Growth progression of Menidia beryllina captured
by seine between January, 1976 and March, 1977.

Mid

Cl ass

(mm) J F M A M J AS O N D J F M
11 1
14 1 1 4 1 1
17 6 3 1 1 4 5
20 9 18 5 1 5 1
23 7 11 6 1 2 3 7 2
26 5 13 7 1 2 1 2 7 1 2
29 16 2 2 14 1 5 13 16 2
32 3 3 4 7 1 4 22 23
35 2 6 8 2 1 1 3 20 6 1 2
38 11 4 2 1 7 2 1 5 11 1 1
41 1 1 16 12 4 2 2 9 3 8 5 12 19 1
44 1 3 10 15 11 25 10 38 5 20 5 10 9 2 1
47 1 10 16 6 34 74 50 103 24 28 33 10 21 4 2
50 2 15 14 11 53 105 94 143 45 70 65 26 30 9 5
53 1 16 20 5 55 92 103 114 76 72 80 52 25 13 10
56 3 16 14 3 39 52 106 103 93 84 70 83 62 23 10
59 1 8 6 6 13 15 56 69 132 72 87 83 53 46 23
62 6 4 3 3 12 9 24 34 108 63 71 77 67 43 32
65 11 13 4 1 4 6 11 13 60 59 87 64 62 55 30
68 9 33 22 1 11 1 3 28 23 75 63 73 79 47
71 48 35 61 2 4 20 6 42 67 98 65 68
74 26 56 67 8 4 1 9 9 26 42 104 77 56
78 30 60 53 9 1 2 1 8 12 9 24 43 45 55
80 18 32 45 4 6 1 3 9 11 53 42 59
83 9 40 40 6 1 7 12 28 32 24
86 7 21 30 4 2 6 16 19 20
89 1 20 16 1 2 1 17 12 16
92 2 4 7 2 4 7
95 2 7 1 3
98

TOTAL 177 438 474 164 298 386 461 635 613 548 694 706 862 580 473
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March, April, May, September, October, November and December,
1976. Ripe individuals were captured in every month except
October and November. This indicates the possibility of a
greatly extended spawning season. Kilby (1955) found very
young fish in his collections during all seasons.

This species did not appear to be influenced by the
temperature and salinity ranges that were prevalent within
the sampling area. This concurs with the findings of other
investigators who have recorded temperature and salinity
extremes of 16-35.3°C and 0 -58,6°/00 (Dahlberg, 1972;

Mountain, 1972; Renfro, 1961; Tabb and Manning, 1961).

Trachinotus falcatus (Linnaeus)
Permit

Number collected: 114

Size range: 15-410mm
Temperature range: 18-3 °c
Salinity range: 22-25.5 /oo

T. falcatus are seasonally common in the Big Bend and
Tampa Bay areas. Springer and Woodburn collected 226 indi=-
viduals between November and December, 1957, and in July
through December, 1958. All but 4 of the 114 individuals
captured duFing our study were collected between July and
November, 1976.

Reid (1954) implied that this species is rare through-
out its known range. The findings of Finucane (1969)
Springer and Woodburn (1960), and of this study clearly

refutes this statement.
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Hundreds of T. falcatus were caught by local fishermen
in the vicinity of the warm water discharge during February,
1977. These findings were obtained by personal observation
and by the results of a creel census that was taken in the
Big Bend area. Unseasonably cold weather had penetrated
the Tampa Bay area at this time. The fish were undoubtedly
attracted to the warm water discharge.

Previous studies (Phillips, 1976a) revealed that T.
falcatus has been consistently captured in the Big Bend area
since 1970,

The size range of individuals collected in July, 1976
was 26~71 mm. This same year class was represented in the
September, 1976 collection. Size range at this time was
67-84 mm. Springer and Woodburn (1960) also noted a rapid
growth rate for individuals of this species. They found
that individuals ranging in size from 8.2 to 19.8mm in
June, increased to 63.6 to 109.6 thg following November.

The presence of another year class was also noted in
September, 1976, since 9 specimens ranging in size from 143
to 160mm were also captured that month.

Young individuals were again captured in October and
November, 1976. This indicates that two spawning periods
occurred, or that this species exhibits an extended spawning

season. Similar results and conclusions are given by

Finucane (1969).
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Eucinostomus argenteus Baird and Girard
Spotfin mojarra

Number collected: 5541

Size range: 11-105mm

Temperature range: 14~34.5°C

Salinity range: 18-29 /40

Peak abundance levels of Ex argenteus occurred between
September and December, 1976, Young individuals (SL‘K 20mm)
appeared in the August, September, November and December,

1976 seine catches, and in the February, 1977 collection.

Kilby (1955) felt that only the young of this species
made any appreciable use of marshes or inshore waters of the
Gulf, since very few of the fish that he collected were over
50mm. As evidenced by the growth progression table for this
species (Table 8:.5), a considerable number of the E. argenteus
that we collected were over 50mm, and were utilizing the in-
shore waters of the bay. Perhaps habitat availability and
selectivity (preference) influence the distribution of this
species between different study sites,

Kilby (1955) felt that the adults spawn in the Gulf and
that the young migrate to jnshore waters. We were not able to
detect where spawning occurred. Abundance levels of this
species steadily declined from November, 1976 +o February,
1977, which may have indicated @ spawning migration

toward the Gulf,
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Table 8.5«

Mid
Class

(mm)

11
14
17
20
23
26
29
32
35
38
41
44
47
50
53
56
59
62
65
68
71
74
77
80
83
R6
89
92
95
08

101

104

107

110

TOTALS O

Growth »>rogression of Eucinosto
captured by seine between January,

March,

10
15
15
13

11

13
11

HHNNPU’\Lﬂ\)

11 152

1977 .

11
17
15
20
17
25
20
18
13
18

HNO\NU'I!—‘OJ.P-QJD—*
—

- e

— = OV ON00ND

s o oo

13

21
23
16

TIORGOS R R el

[y

19
21
29
13

MOV R W - W NI =

o

mus argenteus

19
24
12
27
24
21
25
17
22
25
13

NNO\N.PO\H(,JH

— o B 00NO

PR WE RN
WPW\OOOWHO\-PWOOOOO\N

[Ty

NN\IO\\lmM\lOO\U‘I (%2

1976 and
N D J F M
2
5 2
10 4
15 16 4
10 235 28 2
13 39 21 1
30 21 7 2
22 29 2 8
33 28 1 9
43 27 2 1 12
34 26 1 12
48 26 1 14
42 12 3 16
34 10 5 5
23 10 2
9 6 1 3
5 2 1
3 1
5
1
2
3
2
4
3
2
1 2
1
78 3 86

37 210 160 128 260 619 376 403 295
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Eucinostomus gula (Quoy and Gainard)
Silver Jenny

Number collected: 2451

Size range; 31-100mm o
Temperature range: 15-34.5°C
Salinity range: 18-29°/00

Peak abundance levels of this species were noted in
September through November, 1976. Relative abundance levels
were low in the Big Bend area during the winter and spring.
The fish may have migrated to the Gulf during this time to
spawn. This species disappeared from Kilby’s (1955) catches
by December. Springer and Woodburn (1960) noted that E. gula
popul ations moved from Tampa Bay to Boca Ciega bay as winter
approached.

Other investigators have captured £E. gula at tempera-
tures between 12.8 and 33.60C and salinities between 2.0 and
379 0/oo (Springer and McErlean, 1962; Springer and Woodburn,
1960; Kilby, 1955).

Temperature and salinity did not appear to be a limiting

factor in the distribution ol this species in the Big Bend

ared.

Lagodon rhomboides (Linnaeus)
Pinfish

Number collected: 1465

Size range: 16=136mm
Temperature range; 18—34.50C
Salinity range: 22-29°/0o0

Young specimens of L. rhomboides first appeared in the

seine catches in February and March, 1976, and again in
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March, 1977. This corresponds to the winter spawning period
suggested by Springer and Woodburn (1960) and Reid (1954).
Phillips (pers. comm.) captured young specimens (10-15mm) in
January and February, 1976 and 1977. A growth progression
outline is presented in Table 8.6,

The limited number of individuals collected after the"
September seine collection was probably indicative of a
spawning migration to the Gulf,

Most specimens were found in shallow, sandy areas.

This supports the findings of Springer and Woodburn (1960)

who found L. rhomboides to be a common inhabftant of such

areas. Reid (1954) found that this species was poorly
represented in areas devoid by vegetation.

L. rhomboides have been captured in areas exhibiting a

wide range of temperature and salinity values (10.0-35.3Fb;
0.8-37.9 o/oo) (Turner and Johnson, 1973; Mountain, 1972;
Springer and McErlean, 1972; Springer and Woodburn, 1960;

Kilby, 1955; Reid, 1954).

Leiostomus xanthurus Lacépéde
Spot

Number collected: 1035

Size range: 16-104mm
Temperature range: 14-27.5°C
Salinity range: 20-29°/00

This species was first collected in the February, 1976
sample, and was present in the seine catches through May,

1976. Young specimens were present in the catch in February
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Table 8.6. Growth progression of Lagodon rhomboides captured
by seine between January, 1976 and March, 1977.

Mid
Class J F M A M J J A S O N D J F M
(mm)

17 3 2 1
20 17 10 21
23 29 40
26 24 22 25
29 19 59 12 26
32 7 38 25 1 7
35 1 4 30
38 2 38
41 55
44 43 7
47 23 14
50 6 35
53 34 6 1
56 41 11
59 1 37 10 1
62 21 18 9 1
65 14 14 18
68 7 14 32
71 2 12 21
74 2 7 31
77 4 12
80 1 24
83 22
86 13
89 16
92 2
98

101

104

107

110

113

119

125

128 1
137

TOTALS O 100 137 237 218 98 215 41
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March of both 1976 and 1977. The presence of young L.
xanthurus at this time of year supports the findings of H
other investigators (Springer and Woodburn, 1960; Reid,
1954; Kilby, 1955; Gunter, 1938).

Rapid growth rates have been indicated for this species
(Kilby, 1955; Reid, 1954; Gunter, 1938). Kilby (1955)
determined that this species moves out of marsh areas once
it attains a length of about 80mm. As evidenced by the
growth progression in Table 8.7, most individuals would
be 80mm or larger by June, which corresponds to the time
that they were absent from the seine catches. It is con-
ceivable that this species moved from the shoreline areas
into the deeper waters of the bay.

In the Tampa Bay area, the adult L. xanthurus probably
migrate to the Gulf (where spawning occurs) during the

winter and early spring (Springer and Woodburn, 1960).

Menticirrhus saxatilis (Block and Schneider)
Northern kingfish

Number collected: 243

Size range; 15=137mm

Temperature range: 16-31.5°C

Salinity range: 20-27°/00

This species was formerly referred to as M. focaliger.
lrwin (1970) indicated that this was not a valid species.
Phillips (1976b) provided a brief account of this name

change.

Peak abundance levels of this species occurred in the
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Table 8.7. Growth progression of Leiostomus xanthurus captured
by seine between January, 1976 and March, 1976.

Mid
Class

(mm) JF M A M J J A S O N D J F M

17 12
20 6 1
23 1
26 2
29
32 2
35
38 3 31
41 2 16
44 18 11
47 26 16
50
53
56
59
62
65 11
68 12
71 10
74 12
77 11
80 20
83 19
86 18
89 11
5
4
3
2
2

[ NS W T )
[
o0

B
NGO
[y
[u—y
o

92
95
98
101
104

TOTALS ©O 3 35 81 157 0 0 0 0 0 0 0 0 18 207
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seine catches between May and August, 1976. The young of

this species were present in August, September, November and

December, 1976, This indicates a spring and summer breeding

season in the Big Bend area (Phillips, 1976b, Phillips, 1977).
Springer and Woodburn (1960) noted the presence of this

species most often in areas where the salinity was above

250/00. In the Big Bend area, this species was most abundant

at the Pine Key station (SB-14) between May and August, 1976,

Salinities at this station ranged from 270/00 in May to 22.5

0/oo in August.

Mugil cephalus Linnaeus

Striped mullet

Number collected: 3005

Size range: 15=360mm

Temperature range: 12-340C
Salinity range: 19-29°/00

Striped mullet are important commercial species in the
Tampa Bay area.

Individuals of this species were captured by seine dur-
ing each sampling month. Young M. cephalus first appeared
in the seine catches in January, 1976 and again in November,
1976. This indicates a late fall and/or early winter
spawning season. Springer and Woodburn (1960) assumed that
spawning occurs in the Gulf from October to December.

The young apparently migrate into shallow protected
areas and utilize them as nursery grounds and areas of refuge.

During the summer and fall months, or when a size of 60-10Cmm
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is attained, this species tends to ”"scatter out” (Anderson,
1958; Kilby, 1955). This effect was reflected by decreased
catches of this species during these months. Adults were
most abundant in the Big Bend area between May and November,
1976. While we captured many adults over 100mm, many more
were able to escape simply by jumping over the net.

Springer and Woodburn (1960) presented an informative
discussion of M. cephalus activity in the Tampa Bay area.
They noted that a migration toward the Gulf occurs in the
fall. This phenomenon would explain the relative paucity
of adults in the area during this period.

Striped mullet have been captured in areas exhibiting
wide ranges of temperature and salinity. Therefore, it is
doubtful that these factors would influence the distribution
of the young or adults of this species.

Melongena corona Gmelin
Crown conch

Number collected: 385

Size range: 10-113 mm

Temperature range: 12-34OC
Salinity range: 19-29°/c0

M. corona was the most abundant macroinvertebrate cap-
tured by seine during this study. This species was concen-
trated primarily on the mud flats of the embayment station
(SB=10). Dragovich and Kelly (1964) noted that species
was abundant on mud flats of Old Tampa, Hillsborough, and

Boca Ciega Bays.
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Young of this species were captured in May and June,
1976; and in September, 1976 through February, 1977. Peak

abundance occurred between September and December.

Penaeus duorarum Burkenroad

Pink shrimp

Number collected: 41

Size range (total length): 28-80mm
Temperature range: 18-34.500
Salinity range: 22-26 ©/oo

This species constitutes an important part of the
shrimp industry in the Tampa Bay area.

Relatively few individuals of this species were captured
during this sampling period. This was probably due, in part,
to gear selectivity and the burrowing habits of this species
during the daylight hours (Wickham and Minkler, 1975).

The results of the meroplankton and impingement sections
of this report confirm the belief that this species is relatively
abundant in this area. Copeland and Bechtel (1974) indicated
that this species exhibits a preference for areas with a

temperature range of 20-3500 and a salinity range of 20—360/00.

Callinectes sapidus Rathburn

Blue crab

Number collected: 57

Size range (carapace width): 9=182mm
Temperature range: 15-34°C

Salinity range: 22-27%/00

Blue crabs comprise a large percentage of the commercial

fishing industry on Tampa Bay.
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Individuals of this species were captured by seine in
all months, except February, 1977. Dragovich and Kelly
(1964) collected this species throughout Tampa Bay during
their entire investigation (August 1961 to August 1962).
Almost half (21) of the total number that were collected
in the Big Bend area, were caught at the embayment station
(SB-10).

Most spawning occurs in the spring and summer months
(Oesteriing, 1976). The adults migrate to the low salinity
estuaries to molt and mate (QOesterling, 1976). The young
blue crabs utilize protected estuarine waters as nursery
areas.

Blue crabs can apparently tolerate wide ranges of
temperature and salinity. Copeland and Bechtel (1974)
found that optimum catches of this species occurred in water
temperatures between 10 and 350C; and salinity ranges

between 0 and 270/00.

Relative Abundance and Distribution

Between January, 1976 and March, 1977, a total of
61,273 fishes (56 species; 32 families) and 646 macro-
invertebrates (21 species) were captured in 180 seine
hauls. The number of fishes and macroinvertebrates

captured at each station is listed below.
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Total Number Total Number of % of
Station of Fishes Macroinvertebrates Total Catch
SB-12 6,787 87 11.1
SB-5 4,388 34 7:1
SB-14 3,352 102 5.6
SB-10 22,981 350 377
SB-11 11,554 11 18.7
SB-13 12,211 62 19.8
TOTALS 61,273 646 100.0

The inshore stations (SB-10; SB-11; SB-13) accounted for
76.2% of the total catch. Macroinvertebrates were most
abundant at SB-10. Fishes were most abundant at station SB-10
and least abundant at SB=14. Fewest macroinvertebrates were
captured at SB-11.

Seasonal peaks in abundance were noted at most of the
stations. These peaks generally occurred during the spring
and fall months. The lowest abundance levels occurred during
the winter months.

Relative abundance values were plotted against tempera-
ture and salinity values for each station over the fifteen
month period. This information is presented in Figures 8.3
and 8.4.

Peak abundance at station SB-12 (thermally altered)
occurred between December, 1976 and February, 1977. The
average water temperature at this station was higher than
at any other station during this same period. Since up-

ward trends in abundance were not noted at any other station
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during this time (December - February), it is possible that
fishes were attracted to this area (SB-12) because of the
presence of the thermal effluent.

Depending on the season, most seine catches were domina-
ted by 2 to 6 species per month. Throughout the course of

this study, Menidia beryllina (tidewater silverside) and

Fundulus similis (longnose killifish) were usually the

two numerically dominant species.

Numerical dominance by a few species is often noted in
ecological studies (Livingston, 1976; Gallaway and Strawn,
1975; Dahlberg and Odum, 1970). Changes in numerical
dominance are criteria on which impact assessments can be
based. |f certain opportunistic species consistently
increase in abundance over a period of time, it may indi-
cate the deterioration of an environment. Bechtel and
Copeland (1970) indicated that this was occurring in a
stressed area in Galveston Bay, Texas. This phenomenon
does not appear to be occurring in the Big Bend area,
since most changes in numerical dominance and distribution
can be attributed to natural seasonal variations rather
than to a deteriorating environment.

Tables which outline the abundance, dominance, and dis-
tribution of the species that were caught by seine each
quarter, have been presented in previous reports (Comp and

Morris, 1976; Comp, 1976; Comp, 1977a; Comp, 1977b), and
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in TECO (1977).

Stations SB=5 (non-thermal) and SB-12 (within the ther-
mal plume boundaries) are both sand beach stations with
similar sloping shorelines. Throughout the course of this
study the average water temperature at SB-5 was slightly
lower than the average water temperature at SB-12. A t-test
indicated that there was a significant difference (& =.05)
in the water temperature between these two stations. However,
this same test indicated that there was not a significant
difference (-=,.05) between the number of animals captured
at the two stations. From this information, it does not
appear that water temperature significantly alters the

abundance levels between these two stations.

Bioindices and Statistical Analyses

The Shannon-Weaver (1963) index of diversity is often
used in ecclogical studies as a basis for determining general
community structure or environmental quality (Livingston,
1976; Subrahmanyam and Drake, 1975; Livingston, 1975;
McErlean et al., 1973; Bechtel and Copeland, 1970).

Generclly, as the distance from a source of pollution
increases, the diversity of a community will also increase.
Again, stations SB-5 (non-thermal) and SB-12 (within the
thermal plume boundaries) were used as a basis for compari-

son. Overall, there was not a significant difference
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(t-test; =.05) between the diversity values &t the two
stations.

Diversity levels plotted with temperature are shown in Figures
8.5 and 8.6. A t-test revealed that seasonal differences in div-
ersity were significant (%=,05) mly at station SB-13 (non-thermall

Diversity values were lowest during the winter months,
and highest during the summer months at most stations.,

Grimes (1971) found that diversity values increased away
from the outfall area during the summer and toward the out-
fall in winter at Crystal River. This trend was not noted
during this study.

The highest correletion between water temperature and
diversity ( r=.66) occurred &t station SB=12 (within the
thermally plume area). All other stations exhibited low
linear correlations between diversity and tempereture
(rc.66).

To further analyze the effects of certain physical
parameters on the fishes and macroinvertebrates in the Big
Bend area, several multiple regression analyses were per-
formed using temperature, salinity, and one of the following
sets of data;

1) number of species for each month (rz = .34)

2) total number (|°910 transformation) of animals at
all the seine stations (rz =,13) :

3) total number (Ioglo transformation) of animals
captured at the outside seine stations (SB-5,
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stations SB-12, SB-5, and SB-14.
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SB-12, SB-14) (PZ = ,22)

4) total number (log, . transformation) of animals
captured at the &nside seine stations (SB-10,
SB-11, SB-13) (r? = .1)

5) total number of a commercially imaortant species
(re =

(M. cephalus, striped mullet ) .02)
6) total number of an abundant species (M. beryllina,
tidewater silverside) (r<¢ = .06). Average tempera-

tures and average salinities were used for this
calculation,

The PZ values remained low, This indicates that most
of the differences noted in abundance or distribution can
be attributed to a combination of factors other than temp-

erature and salinity.

Species Composition

Another method of assessing the extent of impact due
to thermal addition, is to monitor changes in the species
composition at the various sampling sites., |f the fauna
of a particular area is subjected to an intolerable thermal
stress, it is conceivable that those species less tolerant
of temperature increases would vacate the area.

The number of species that were captured each month
at the various stations did not appear to change signifi-
cantly during the course of this study; nor was the dis-
appearance of any particular species noted.

Figures 8.7 and 8.8 outline the number of species that

were captured at each seine station in relation teo water temp-

erature and salinity between January, 1976 and March, 1977.
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The total number of species collected at each seine
station over the 15 month period (January, 1976 - March,

1977) is outlined belcw.

Station Total Number of Species
SB-12 47

SB-5 38

SB-14 14

SB-10 28

SB-11 32

SB-13 42

As shown above, the greatest number of species was
found at Station SB=12 (within the thermeal plume boundaries).

The Systematic Account, presented earlier, indicated
that most of the species in the Big Bend area adhere to the
seasonal and migr&tory trerds that were previously elucidated
Ey other investigators. The trends that were used as a basis
for comparison with Big Bend data, have been established in
areas that were nct exposed to the direct effects of pollution
or stress. These areas probebly supported “natural” popu-
lations of marine fishes.

The fishes and macroinvertebrates in the Big Bend area
have exhibited patterrs of growth, spawning and migration
that are similar to those found in unaffected ereas.

Tidewater silversides (M. beryllina) and longnose
killifish (E. similis) were two of the most dominant species

at severcal of the seine stations. Their numerical dominance
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ard distribution did not appear to be influenced by the
thermal effluent, as these species were dispersed through-
out the sampling area.

Seasonal changes in species composition appeared to
influence community structure more than did the location

of the thermal plume.

Faunal Similarity

Morisita’s index (Morisita, 1959) was used to compare
the faunal similarity at the different stations over a 15
month period. Due to the dynamic nature of fish populations,
the velidity of the Morisita’s index is questionable for use
in a fishery study and our results have been interpreted
with greet caution. Certain seasonal trends were highlighted
by this index, and these will be discussed briefly.

Most of the stations exhibited high (A%7) to moderate
(CA=.5 to .7) faunal similarities throughout most of the

study. Faunal similarity was very low (CA<.3) to moderate

during the fall months. Changes in species composition and
numerical abundarce were noted in the fall (probably due
to the seasonal influx of large numbers of transient fish

species) and this may account for the changes in CA at this

time,

Trellis diagrams which outline the similarity of catches

at the individual stations over time (15 months), showed
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similar seasonal patterns. These diagrams are presented in
Figures 8.9 +through 8.14,

The catch collected at station SB-10 during March, 1977,
was dissimilar to most of the catches collected during the
otker months. This was due tc the season&l influx of young
striped mullet (M. ceEhalus) at this station during March.
Likewise, the catches made at station SB-11 during November,
1976 and February, 1977 had a very low similarity (CA<.3)
when they were compared to the catches collected at this
station during the other months. Large increases in the
number of bay anchovies (A. mitchilli) occurred at SB-11
during Nobember, 1976 and February, 1977 thus affecting the
similarity values.

The influx of A. mitchilli during November and December,
1976, also affected the faunal similarity at station SB-13.
High similarity (CA=%) was noted between the catches made
at this station in November and December, 1976. This indi-
cates that the faunal composition at this station was
comparable during November and December, 1976, when large
numbers of anchovies were present. The catch made at this
station during November and December had a low similarity
when it was compared to the catches made at this station
during the other months, when the anchovies were not present

in great numbers.
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While these results are not meant to be conclusive,
they do indicate that many of the differences in faunal
composition between stations and/or months can be attri-
buted to natural occurrences such as schooling, migration,

etc.

Nursery Areas

A variety of locations within the Big Bend area
appear to be functioning as nursery grounds for several
species. The inshore stations, SB-11, SB-13, and especially
SB-10,; are the predominant nursery areas.

In early 1976, the sheet pile wall adjacent to the
thermal discharge area was extended to the western shore
of the embayment. This, in effect, further enclosed the
embayment and prevented the effluent from directly entering
the embayment at this site. This shielded the inhabitants
of the embayment from direct exposure to thermally altered
water (excluding, of course, tidal introduction of heated
water at the western inlet of the embayment).

Juvenile specimens representing a variety of species
were captured in this area (SB-10) throughout the course of
this study. Several species (notably striped mullet) were
found in a wide range of size classes (juvenile to.adult).
Growth progressions of some of the species which inhabit
this area were presented in the Systematic Account section

of this report.
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This area is often used concurrently by the juveniles
of many different species. The migration of young adults
out of the embayment often coincides with the migration of
post=larval or juvenile specimens of another species into
the embayment.

Young striped mullet (M. cephalus) are present at this

station between December and June. The young of Leiostomus

xanthurus (spot) appeared in the embayment in February and
March. They remained there until May, when they had attained
an average length of 84mm. At this time they apparently

migrated from the embayment to the open bay. Young speci=-

mens of Lagodon rhomboides (pinfish) were captured between

February and April, while young Cyprinodon variegatus
(sheepshead minnow) were present in May and June.

The young of Eucinostomus argenteus (spotfin mojarra)

inundate this area between August and December. Young
longnose killifish (E. similis) are present between Novem-
ber and December.

The young of several other species are captured
sporadically at SB-10. Not enough data was available to
discern the approximate length of time that these individuals

utilized this area as a nursery ground.



Young bay anchovies (A. mitchilli) were the most preva-
lent juveniles at stations SB-11 and SB-13. The presence of
young A. mitchilli was first noted at SB-11 during November,
1976, and February, 1977; and at SB-13 during October,
November and December, 1976. Both locations are very shallé@
and probably afford protection for the young from larger
predators.

Station SB-13 also supported populations of pinfish

(L« rhomboides) from February through September, 1976,

During this time, the average length of the juveniles increased
from 25mm to 91mm. The young of this species (average length =
25mm) reappeared at SB=13 in March of 1977. This species
apparently migrates to the Gulf or open bay during the fall

and winter. The young return to the shallow inshore waters
during the spring.

Neither stations SB-11 nor SB-13 are within the boundaries
of the thermal plume. Like most shallow stations, the water
temperature at both SB-11 and SB-13 is probably regulated
by solar heating.

Al'l three of these stations (SB-10, SB-11, and SB-13)
are important since they apparently provide a suitable
habitat for juveniles of several species. From the data
collected during this study, it does not appear that the
thermal effluent is exerting a detrimental effect on the

Juvenile communities that are inhabiting the nursery areas,
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The growth progression data, presented earlier, has
supported the belief that many species inhabit the nursery
areas when they are young, and that they remain in these
areas until maturity is reached. The individuals then
vacate these areas in response to migratory and/or seasonal
drives.

I f the nursery areas were experiencing detrimental
conditions, the juveniles would avoid the area or they would
vacate the areas earlier than they normally would. Trends
such as these were not noted in the Big Bend area during

the course of this study.

Condition Factor

A condition factor (K) was calculated for 5 selected

species (tidewater silverside, M. beryllina; rough silver-

side, Membras martinica; longnose killifish, Fundulus
similis; pinfish, Lagodon rhomboides, and striped mul let,

M. cephalus).

K values have been used as a means of measuring such
factors as fatness, gonad development, and suitability of
the environment(LeCren, 1951), The purpose of incorporat-
ing a condition factor into this study was to determine the
difference, if any, in the condition factor of fishes resid-

ing within and outside of the thermal plume boundaries.
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Since a condition factor is a ratio of length to weight,
many factors can lead to the erroneous interpretation of
results. These factors include: feeding activity, spawning
activity (sexual maturity), and age of the specimens.

Condition factors were calculated for each of the five
species (up to 75 individuals of each species per replicate)
at each station throughout the course of the study. Only those
ihdividuals within 3 size classes (40-49mm; 50-59mm; and
60-69mm) were utilized for calculating K values.

Some of the species selected for condition factor analysis
were not sufficiently abundant, in the respective size classes,
to allow any obvious trends to be discerned. Sufficient data
was available to allow valid comparisons to be made of the
individuals of two species, M. beryllina and F. similis,
residing within and outside of the thermal plume.

The condition factor results for these two species
are summarized in Tables 8.8 and 8.9.

Both species exhibited the highest monthly average K
values between April and August, 1976. The average values
decl ined after this period.

Several factors, including seasonality, could be expected
to affect the K values. An ANOVA, comparing the K values
for each of these two species over the seasons, was calcula-
ted. For each species, there was a significant difference

(X =.05) in the K values between the seasons. However, there
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Table &8, Annual averages of condition factors (K) for

Menidia beryllina and Fundulus similis.
Annual Average K value for size class
Species Station 40~49 50=59mm 60-69
M. beryllina SB-12 1.34 1.37 1.33
SB-5 1.31 1.31 1.36
SB-14 3 * 3%
SB-10 1.34 1.27 1.25
SB-11 1.27 1.28 1.20
SB-13 1.39 1.37 1.33
F. similis SB-12 1.74 1.83 1.77
SB-5 2.11 1.67 1.80
SB-14 2.19 1.71 1.75
SB-10 1.75 1.89 1.75
SB-11 1.77 1.81 1.72
SB-13 1.86 1.59 1.75

*insufficient data

Table 89 . Monthly condition factor values (K) for

Menidia beryllina and Fundulus similis
at all stations.
J F M A M J J A S (0] N D

M. beryllina 1.38 1.40 1.20 2.59 1.45 1.57 1.58 1.55 1.36 1.30 1.15 1.10
J F M
1.10 1.10 1.16

F. similis 1.66 1.76 '1.65 2.05 2.37 2.26 2.34 2,10 1.70 1.71 1.55 1.52
J F M
1.42 1.42 1.69
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was not a significant difference (e =0.5) in the K values
for each species, between the different stations over a 15
month period.

A t-test indicated that there was no significant
difference (A =.05) between the overall condition factor

of M, beryllina and F. similis at station SB-5 (non~thermal)

and at SB-12 (within the thermal plume boundaries).

Replicate Sampling

In April, 1977, a series of 5 consecutive replicate
seine hauls were taken at station SB-11. The following
day, 5 consecutive replicate hauls were made at station
SB-12. The purpose of this survey was to acquire additional
information on the sampling efficiency of the seine. Since
this procedure was implemented only once at each of 2 sta-
tions, the following results are not conclusive.

Species saturation curves for the seine replicates
(Figure 8.15) indicate a “levelling out” after the second
replicate haul at SB-12. This did not appear to occur at
SB-11. The 3 additional replicates (after the usual 2) at
SB~12 accounted for 2 additional species; while 3Eadditional
replicates at SB-11 accounted for 3 additional species.

It appears that the numerically dominant speéies were
represented within the first 2 hauls, since the additional

species that were captured after 2 hauls were usually
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represented by 2 or fewer individuals.

Figure 8.15 Species saturation curves for replicate
seine hauls.
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Physical and Chemical Parameters

¥he quarterly values of all parameters collected during
trawl sampling have been presented in previous reports (Comp,
1976; Comp, 1977a; Comp, 1977b) and in Teco, 1977.

‘The averages and ranges of the temperature and salinity

values are outlined below,

Water Temperature (©C) Salinity (°/o00)
Transect Average Range Average Range
Surf. Bot. Surf. Bot. Surf. Bot. Surf. Bot.
TB-1 27.0 25.1 | 35-21 34-20.5 22.4 22.3| 20-25 20-25
TB-12 24.2 20.0 { 31-18 30-18 22.2 22.2] 20-26 20.5-26
TB-5 23.2 21.1 | 31-16 30-16 22.0 21.6| 20-25 20.5-25
TB-7 22.7 20.1 31.5-16 30-15 22.2 22.31 20-25 21-24
TB-6 22.2 20.0 | 31-16 29-16 21.9 22.1| 20-25 20-25
TB-13 21.8 20.0 § 30-17 28-16 21.6 21.9] 19-25 20-24
TB-4 21.3 19.4 | 31-16 28-15 21.3 21.9(18.5-2419.5-24
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Although the highest temperature that was recorded dur-
ing trawling was 350C at the discharge site, temperatures in
this area often exceed 35°C. See the hydrographics section
of this report for a list of temperature ranges in the dis-
charge canal.

Water temperature decreased as distance from the point
of discharge increased.

From the limited data that was collected during trawl
sample collection, it appears that the thermal effluent
penetrates at least a portion of the TB-12 transect. Surface
water temperature at this station averaged 24% higher than
a similar embayment transect (TB-=13) that lies outside of
the thermal plume boundaries. Average bottom watér tempera-
tures were similar at both stations (TB-12 and TB-13). Thermal
stratification is apparent at TB-12.

In most cases, the water temperature at the south end
of transect TB-12 is lower than at the north end of the
transect. Therefore, it is possible that the influence of
the thermal effluent is apparent only in the northern por-
tion of the embayment. The area that the effluent permeates
is probably governed by wind direction and tidal stage.

R. Peekstok (pers. comm.) has determined that thermally
altered water penetrates a large port?on of the northern

embayment during a flood tide.
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The reader is referred to the hydrographics section of
this report for a more complete explanation of the hydrography
of the sampling area,

The number of generating units that were operating when
a sample was collected would influence the water femperature
along some of the transects. Since trawl ing occurred infre-
quently, the collection of physical and chemical data at the
trawl stations also occurred infrequently. This limited
amount of data made it impossible to discern the temperature
rise that can be attributed to each unit. Again, the reader

is referred to the hydrographics section of this report for

a more detailed explanation.

Relative Abundance and Distribution

Only four sets of trawl data were collected during the
course of this study, so abundance and distribution patterns
are difficult to discern.

Day trawling accounted for a total of 2,109 fishes
(26 families; 34 species) and 383 macroinvertebrates (24
species) in 56 trawl tows. Night trawling in February,
1977, accounted for an additional 4,349 fishes and 247
macroinvertebrates in 14 tows.

Trawl catches, listed in numerical abundance, have
been presented in previous reports (Comp, 1976; Comp,

1977a; Comp, 1977b) and in TECO (1977).
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As a summary of this information, the following table
lists the number of fishes and macroinvertebrates captured
(day samples only) along 7 transects between June, 1976 and

February, 1977.

Transect Total Number Total Number of % of Total
of Fishes Macroinvertebrates Catch
TB-1 75 15 , 3.6
TB~12 566 25 23.7
TB-5 121 53 ' 7.0
TB-7 482 34 20.7
TB-6 63 19 3.3
B-13 473 198 26.9
TB-4 329 39 14,8
TOTALS 2,109 383 100%

The presence of large numbers of tunicates (Molgula Sp.)
in the trawl catch at TB-13 in February may have biased the
true macroinvertebrate distribution percentages. The follow-
ing table outlines fish and macroinvertebrate distribution
at the various stations, excluding the number of tunicates

that were captured.

Transect Total Number of Total Number of % of Total
Fishes Macroinvertebrates Catch
excluding Molgula sp.
TB-1 75 15 3.9
TB=-12 566 22 25.3
TB=5 121 53 7.5
TB=7 482 34 22,2
TB=6 63 19 | 3.5
TB=13 473 31 i 21.7
1B-4 329 39 15.8
TOTALS 2,109 213
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Transects TB-12, TB-7 and TB-=13 accounted for the greatest
number of fishes in the day samples. Fewest fishes were cap-
tured along transects TB=1 and TB-6.

The apparent abundance of macroinvertebrates along tran-
sects TB-13 is undoubtedly due to the l arge numbers of Molgula
sp. that were captured in February, 1977. Transect TB=13
accounted for only 31 macroinvertebrates, excluding the
tunicate, Molgula sp.

Disregarding the number of tunicates that were captured,
macroinvertebrates were most abundant along transect TB-5 (open
bay; within the thermal plume); and least abundant along tran-
sect TB-6 (open bay; outside of the thermal plume.boundaries).

Transects TB-7 (within the plume) and TB-6 (oytside of
the plume boundaries) have similar depths, habitats, and
Iocafion. Transect TB-7 consistently accounted for more
organisms that did transect TB=6. The reason for this is
not completely understood. It may be that the plume area
is attracting the fishes for some reason other than tempera-
ture (e.g. food abundance) since the average water temperatures
along these two transects are similar.

The trawl catch was generally dominated by one species
each quarter. The bay anchovy (ﬁ. mitchilli) was numerically

dominant in 3 of the 4 sampling periods. The pinfish (L.

rhomboides) was dominant in the February, 1977 sample.
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Diversity

An increase in diversity values and/or abundance might
be expected as distance from the source of discharge in-
creases if the thermal effluent was exerting a detrimental
effect on the marine organisms. This has been shown to
occur in previous studies in other areas (Livingston, 1975;
Bechtel and Copeland, 1970; Tsai, 1968; Katz and Gaufin,
1953).

The following table lists the diversity values of the

trawl catches throughout the sampling period.

Transect June September November February Average -
Day Night
TB-1 1.29 O+ 1.04 0.68 0.83 ‘ 0.77
TB-12 0.056 0.29 0.80 1.62 1.34 0.82
TB=-5 1.60 0.86 1.13 1.94 0.52 1.21
TB-7 0.85 1.62 1.18 0.50 0.38 0.91
TB-6 1.57 o+ 1.15 1.48 1,88 1.22
TB-13 1.56 0.70 1.0 1.40 1.68 1.27
TB-4  0.56 0+ 0.94 1.11 1.44 0.81

+insufficient number of species to calculate diversity.
While both stations TB-7 and TB-12 accounted for |arge
numbers of individuals, the average diversity of the catches
at these stations was low. This is, undoubtedly, due to
the numerical dominance of A. mitchilli at these stations.
" The lowest average diversity was recorded in the dis-

charge canal (TB-1). Diversity values did not appear to

increase as distance from the discharge area increased.
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Day Versus Night Trawling

During sample collection in February, 1977, trawl

tows

were also conducted at night to supplement the day catches.

" The number of fishes, macroinvertebrates, and total

species captured along the trawl transects

1977 (only) are outlined below,

in February,

Transect Total Number of Fishes Total Number of Total Number of

Macroimertebrates Species
Day Night Day Night Day Night

TB-1 63 183 2 3 7 7
TB-12 61 377 10 85 14 21
TB-5 10 1733 4 9 8 16
TB-7 131 1304 0 5 14
TB-6 41 159 3 3433 19
TB-13 451 332 188(21) 80(® 12 17
TB-4 309 261 23 31 12 15

+number of macroinvertebrates tha

Molgula sp.

t were captured excluding

Several factors were probably responsible for the numerj-

cal differences that were noted between the day and night

catches. The fishes were, apparently, actively feeding dur-

ing the night (as evidenced by cursory stomach analysis).

Schooling in areas abundant with food may have facilitated

the collection of more fishes at night.

Since the trawl

is less visible at night, it would be

more difficult for fishes and macroinvertebrates to avoid

its path.
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Crabs and shrimp are usually more active at night, and
would, therefore, be more susceptible to capture.

All these factors led to an increase in the number of
organisms that were captured by trawling at night.

These data also indicate that the abundance of fishes
along the trawl transects (especially TB=~1) is greater than

that which is indicated by the day trawl samples.

Replicate Sampling

In April, 1977, a series of 5 consecutive replicate
tows were made along 2 different transects (TB-12 and TB-5).
The purpose of this survey was to acquire additional infor-
mation on the sampling efficiency of the trawl. Since this
procedure was only implemented once at each of 2 stations,
the following results are not conclusive.

Species saturation curves given below indicate a
slight "levelling out’ after the second replicate along TB-5,

although the curve rises again after the third replicate.

This “levelling out” affect was not noted after 5 replicates

along TB-12,
Cumul ative Cumul ative

NO- 14 - NO. 14 TB-
12 T8-12 Species 12 >
10 10

Species

Ok OV
OMNA OV

1 2 3 45 1 2 3 4 5

No. replicates No. replicates
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The data collected during this survey indicates that,
at least the numerically dominant species were captured
within the first two replicates, since the additional species
that were captured after two hauls were usual ly represented
by two or fewer individuals.

However, the curves do indicate that additional tows
would be necessary to achjeve species saturation in the

samples.

Fisherman Survey

A creel census was initiated at the boat launching
ramp which is adjacent to the discharge area at Big Bend,
A box containing printed questionnaires was erected at
this site. The fishermen were asked to supply us with
the following information: number and kinds of fish that
were caught, approximate size of the fish; number of hours
of fishing; type of boat that was used; general location
of fishing; and general comments,

A total of 86 completed Forﬁs were returned between
April, 1976 and early March, 1977, Unfortunately, repeated
vandalism of the questionnaire box interrupted the survey
several times, and forced the premature termination of this
survey in March, 1977.

While the data collected from this census was not
quantitative, it did indicate that the Big Bend area,

espectially the discharge canal, is heavily fjished by both
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sport and commercial fishermen,

This survey also supported our belief that many species
of fish are present in the discharge area, even though these
species are poorly represented in our trawl catches in that
area. Results of this survey confirmed the presence of sub-

stantial numbers of snook (Lentropomus undecimalis), spotted

seatrout (Cynoscion nebulosus), redfish (Sciaenops ocellata),

gray snapper (Lutjanus griseus), spadefish (Chaetodipterus

faber, and black drum (Pogonias cromis).

Interviews with local fishermen revealed that fishing
is generally poor in the discharge canal during the summer
months when peak temperatures in this area (and the bay) are
reached. Conversely, the warm water appears to attract
many species of fish during the winter, hence Fishing activity
and catch success increases.

The sport and commercial fishing activity (and success)
in the Big Bend area apparently was not reduced as a result
of the addition of a third generating unit. Rather, the
operation of those units appears to enhance the fishing

activity in this area, at least during the winter months.
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IMPACT ASSESSMENT

In early May, 1977, a third generating unit became
operational at Big Bend. This increased the capacity of
this power station from a normal output of 750 megawatts
(mw) to 1125 mw. The primary objective of this seine and
trawl study was to assess the extent of environmental
impact on fishes and macroinvertebrates in the Big Bend
area due to the additional thermal effluent produced by
the third unit.

When using community structure or population shift
studies to assess impact at power plants, pre- and post-
operational data should always be collected. These data
should include identificatijon of the species that are
present within the sampling area; determination of the
relative abundance of these species; and determination of
the faunal distribution. This allows a basis for comparisons
to be made between pre- and post-operational community struce-
tures.

Seasonal changes in abundance, distribution and diversity
will inevitably occur at each sampling station. Such seasonal
changes have been wel | documented (Cain and Dean, 1976;
Subrahmanyam and Drake, 1975; Gallaway and Strawn, 1974;
Haedrich and Haedrich, 1974; and Dahlberg and Odum, 1970).

It is imperative that the natural seasonality of species

within the sampling area be understood, so that erroneous
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interpretations of changes in community structure or abun-
dance do not occur.

The seasonal data that was collected at Big Bend was
compared to the data collected at other sites. These other
studies were cited extensively in the Systematic Account
section of this report. Once the natural patterns of
seasonal ity are established, unnatural changes resulting
from stressed situations are more apparent.

Some baseline data has been collected at Big Bend since
1970 (see page 8-19). However, extensive sampling did not begin . unti |
January, 1976, four months prior to the date of operation
for Unit 3. Comparisons of the data collected prior to May,
1976 (this includes some of the pre- January 1976 data,
and all of the baseline data collected after January, 1976)
with the data collected after that date revealed no apparent
changes in species composition, distribution, or diversity
that could be directly attributed to the discharging of
thermal effluent. Most of the differences that were noted
were attributed to natural variations due to seasonality.

The occurrence of significant changes in community
structure or abundance, as a result of thermal addition,
is not a common phenomenon according to many impact analysis.

Gallaway and Strawn (1974) studied the seasonal abun-
dance and distribution of fishes in Galveston Bay, Texas.

They concluded that the detrimental effects on the fish
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fauna were neglibible in the vicinity of a hot water djs-
charge. They found that no significant differences in
populations occurred when the power plant output increased
from 900 mw to 1,465 mw. Most of the species in that area
were abundant in water tempetatures of 3300 to 350C. Certain
species (striped mullet and sand seatrout) were observed

in water that was 4OOC. Abundance at the seine stations

at Big Bend did not appear to decrease as temperatures
approached 33°C and above,

Cairns (1976) summarized the findings of investigations
implemented at three power statjons (Potomac Steam Electric
Power Plant at Fredrich, Maryland; Savannah River Plant,
Aiken, South Carolina; and Paradise Steam Pl ant, Kentucky),
No effects that could be directly attributed to the thermal
discharge were evident at two of the three sites. Effects

were noted at the third site (Paradise Steam Plant).

Grimes (1971) found that the diversity of communities
increased away from the discharge area during the summer,
and toward the discharge during the winter at Crystal River,
Florida. He concluded that there was no indication that the
heated effluent had elimjnated native species or caused any

significant changes in abundance.
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Other investigators have found that significant effects —
can result as a consequence of thermal addition. Roessler
and Tabb (1974) in a study of Biscayne Bay, Florida, deter-
mined that an average temperature increase of 3 or 4°C above
ambient summer water temperatures caused serious depletion
of the biota in the vicinity (100 acres) of a thermal dis-
charge.

It appears that most effects are site specific and
that generalized conclusions or predictions, concerning the
possible effects of discharging thermal effluent into aquatic
environments, are not feasible.

Insufficient data was collected in the discharge canal
at Big Bend (seining was not possible because of the absence
of a suitable beach). Hypothetically, if significant differences —
in abundance and/or community structure were occurring as
a result of thermal addition, the effects would be confined
to the discharge canal since this area is exposed to a
max imum temperature increase.

No significant differences in relative abundance or
faunal composition were found between the seine stations
during the course of this study. More importantly, the fauna
at each seine station exhibited seasonal variations which
appeared normal for this region. Actually, the Hillsborough
Bay seine stations appear to be removed from the direct

influence of the warm water discharge. The temperature of
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the effluent has cooled considerably by the time it is dis=~
charged into Hillsborough Bay. Cooler bay water is mixed
with the thermal effluent in the dilution (dischargd canal
before this water enters Hillsborough Bay.

Since the area that is most susceptible to the effects
of the heated effluent is small (discharge canal), the
mobility of fishes will enable them to avoid this area
during periods of excessive heating. This avoidance can
easily occur without the loss of an irreplaceable ecological
niche. The habitat created by the discharge canal does not
appear to be vital to the survival of any particular species.
Similarly, fishes can easily utilize this warm area during
the winter months when ambient bay temperatures decline.

Seine station SB-12 is located close to the point of
discharge into Hillsborough Bay. No significant differences
in abundance and/or distribution that can be directly attributed
to the effluent were found.

Station SB-10 appeared to be thg\most important station
in terms of its function as a nursery area. No detrimental
effects, due to the thermal discharge, were apparent in this
area.

It can therefore. be surmised that overall the dis-
charging of thermal effluent into Hillsborough Bay is
eliciting a negligible effect on the indigenous and tran-

sient fishes and macroinvertebrates in the Big Bend area.
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GENERAL CONCLUSION

No immediate, significant, deleterjous effects (except

for, possibly, seasonal effects in the discharge canal) on

the fish and macroinvertebrate populations in the Big Bend

area have been found, using methods as described in this report,
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SUMMARY AND CONCLUSIONS

1) Intensive sampling (by trawl and seine) of the
fish and macroinvertebrate communities in the vicinity
of the Big Bend steam electric statijon was conducted
between January, 1976 and March, 1977.

2) Annual average water temperatures at the seijne
stations ranged from 22,8°C at station SB-14 (Pine Key)
to 25.8°C at station SB=10 (northern embayment),

3) Seining (180 hauls) accounted for a total of
61,272 fishes (56 species; 32 families) and 647 macro-
invertebrates (21 species),

4) Station SB=10 (northern embayment) accounted for
37.5% of the fishes and 54.1% of the macroinvertebrates
that were captured during the course of this study,

5) The tidewater silverside (Menidia beryllina) was

the most abundant fish captured by seine throughout most

of the study period.
6) Most changes in numerical dominance and distri-

bution were attributed to natural seasonal variations
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rather than to a deteriorating environment.

7) Generally, diversity values were lowest during the
winter months, and highest during the summer months at most
of the seine stations.

8) There was little correlation between temperature,
salinity and: a) the total number of animals captured at
each station each month; b) the total number of species
captured at each station each month; c) the total number of
animals captured at the outside stations (SB-5; SB-12; SB-
14); d) the total number of animals captured at the inside
stations (SB-10, SB-11, SB-13); e) abundance of a commercially

important species (Mugil cephalus); and f) abundance of

Menidia beryliina (average temperature and average salinity

values were used for this calculation).

9) The number of species that were captured each month
at the various seine stations did not appear to change signifi-
cantly during the course of this study, nor was the disa-
ppearance of any particular species noted.

10) The fishes and macroinvertebrates in the Big Bend
area have exhibited patterns of growth, spawning and migration
that are similar to those found in unaffected areas.

11) Seasonal changes in species composition appeared

to influence community structure more than did the location

of the thermal plume.
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12) The northern embayment station (SB-10) "and, to a
lesser extent, stations SB-11 and SB-13 are Functioﬁing as
nursery areas for a variety of species,

13) The data that was collected between January and
May, 1976 (and some of the 1970-1975 basel ine data) was
compared to the data collected after Unijt 3 became opera-
tional (May, 1976). These comparisons revealed no signifi-
cant changes in species composition, distribution or djver-
sity that could be directly attributed to the discharge of
thermal effluent.

14) The fauna at each seine station exhibited seasonal
variations which appeared normal for the region.

15)  Annual average bottom water temperatures along the
trawl transects ranged from a high of 25.1°C in the discharge
canal (TB-1) to a low of 19.4°C in the intake canal (1B-4).
Bottom water temperature ih the discharge canal ranged fram
a high of 34°C in September, 1976 to a low of ZO.SOC(during
night sampling)in February, 1977.

16) Day trawls (56 tows) accounted for a total of 2,109
fishes (26 families; 34 species) and 383 macroinvertebrates
(24 species). Night trawling in February, 1977 accounted for
an additional 4,349 fishes and 247 macroinvertebrates in

14 tows.
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17) Stations TB-1 (discharge canal) and TB-6 (open bay)
accounted for the lowest number of organisms,

18) No significant, immediate deleterious effects
(except for, possibly, in the discharge canal during the warm
months) on the fish and macroinvertebrate populations in the
Big Bend area have been found using methods as described in

this report.
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INTRODUCTION

The 316 Demonstration presented in the preceding six
chapters (Chapters 3 to 8) encompasses four major biological
components of the Big Bend ecosystem, namely,

Phytoplankton

Meroplankton (lnvertebrate larvae and fish eggs and larvae)

Benthos

Nekton (Adult fishes and macroinvertebrates)

Water quality aspects (temperature, salinity, DO, pH and turbid-
ity) of the study area were also intensively studied (Chapter 2).
The study produced.a voluminous amount of data which was presented
in five quarterly reports. Data analysis was intensive and each
of the preceding seven chapters provides information on the
methods of collection and processing of samples, data manage-
ment and analysis aspects, results of the study and a discussion
of thé results, Significant and relevant findings have been
summarized at the end of every chapter,

This concluding chapter presents an overview and a general
narrative summary of the significant findings of each of the
seven studies. Impact assessment conclusions (or statements)
generated from the seven studies are also presented. An
attempt is also made to provide the reader with a comparative
analysis of the three major biological components at Big Bend
(Phytoplankton, Meroplankton and Benthos).
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GENERAL SUMMARY

1, Hydrography

A primarily surface thermal plume was described. The plume
general ly extended 1.5 miles into Hillsborough Bay, but was
highly influenced by tide, wind and other weather factors. At
ebbing tide, the plume extended further westward and south
along Apollo Beach., Ranges of average monthly differences in

temperature between selected stations are presented below.

Stations Average Monthly AT Range
I ntake/Discharge 5.5 - 7.5°C
Discharge/P.0.D. 2.5 - 5.0°C

Dilution Pump Intake/ o
Dilution Pump Discharge 3.0 - 3.5 C

Source Water/Receiving
Water Equal

North Embayment/South o
Embayment _ 0.5 - 3.5°C

The plume generally exhibited a 45 - 66% decay in temperature
from the discharge flume to the point of discharge to Hil lsborough
Bay. This means that on the average, temperatures at |-3 (point
of discharge to Hillsborough Bay) were 2,5 - 3.0°C above ambient.
Heated water remained close to the surface and seldom exceeded
6 feet in depth (average Bay bottom is approximately 15 feet).

The plume configuration appeared greatly influenced by tidal
stage and wind condition, and was often difficult to distinguish

from large areas warmed by solar heating (nearshore stations,
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transects Z and Y, the most northern sampling transects, and
stations south of Interbay Peninsula).

The bottom thermal plume was generally restricted to the
immediate area adjacent to the point of discharge to Hillsborough
Bay. Higher than ambient temperatures (AT ZLIOC) were seldom
noticed in the offshore stations (beyond 1 mile from the shore).

The north Apollo Beach embayment appeared influenced by
tidal influx of heated water and subsequent dispersion at low
tide. However, the embayment did not return completely to
ambient temperatures (such as those in the south embayment) at
jow tide. (Extent of temperature reduction was to a level of about 1°C
above ambient). Fingerfill canals did not appear affected.

Maximum temperatures were recorded during the summer of
1976 (July - September) and were considered as ”worst case”
conditions. The 1°C plume during this time was detected up to
2% miles offshore.

Spatial variations in salinity were not apparent. Temporal
changes in salinity subjectively correlated with meteorological
conditions.

Temporal and spatial variations in dissolved oxygen content
and pH could not be attributed to the thermal effluent. Tur-

bidity was higher in the discharge canal than offshore stations.

2, Phytoplankton

Phytoplankton sampling revealed a total of 133 species

(83 species of diatoms, 42 species of dinoflagellates, and
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8 species from other taxa) or nearly more than twice as many as
reported in previous surveys of other portions of Tampa Bay.
The phytoplankton community was nearly always dominated by a

single species in high concentrations (Skeletonema costatum in

fall and winter, and a variety of successive dinoflagellate

blooms in the summer, e.g. Ceratium hircus, Gonyaulax polygramma,

G. ditalis). Oscillatoria sp., a blue green algae (and suggested

to be a thermally tolerant species) was the second most abundant
species collected at Big Bend. (§. costatum was the most abun-

dant species collected at Big Bend). Oscillatoria Sp. was pre-

sent in large numbers from mid-summer through early fall of 1976,
and its abundance levels were moderately correlated to tempera-
ture. Similarly abundant levels of this species were recorded
during the previous summer (August, 1975) also (i.e. prior to
the operation of Unit 3),

The oligomictic nature of the phytoplankton communities at
Big Bend (ten species accounted for over 90% of all phytoplankton
sampled) made bioindices difficult to interpret.

A significant reduction in total seston biomass was noted
at the*POD (1-3) when compared with the plant intake (1=6). The
number of replicates taken for chlorophyll ’a’/phaecopigment
determination were sufficient to detect only gross changes. Such
changes between thermal and control areas were not evident,

Spatial variations in phytoplankton abundance or in bjo-

indices were not apparent (although the latter were difficult

4
7

‘POD - Point of thermal discharge to Hil Isborough Bay.
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to interpret due to the oligomictic nature of the community).
Little difference in abundance, community structure, or total
seston biomass was noted between the intake and discharge.
Abundance temporally varied greatly at both stations.

A physical alteration to filamentous species (e.g.

Oscillatoria sp.) was noted as numbers increased from intake

to discharge suggesting that the filaments may be broken up
as they pass through the power plant,

Except in the -immediate vicinity of the thermal discharge
(discharge canal - up to the point of discharge to Hillsborough
Bay), no deleterious thermal or entrainment effects on the

phytoplankton communities were discernable at the study site.

3 Benthos

A total of 352 species were recorded from the Big Bend
area. Oligomictic conditions were common but were slightly
greater in the thermal transect when compared with the non-thermal
transect. Based on community parameters and abundance of dom-
inant species, three identifiable faunal zones were demarcated.
Zone | (discharge canal and station I-2) consisted of a pioneer
environment characterized by low faunal density, high species
diversity (H’), low species richness and an abundance of pol-
fution indicator species. Zone |l (thermal transect) was
characterized by moderate diversity (H’), high faunal density,
moderate species richness and low numbers of pollution indicator

species, Zone ||l (non-thermal transect) was characterized
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by high species diversity (H’) moderate faunal density, high
species richness and negligible numbers of pollution indicator
species,

Based on an assessment of information collected on the
abundance of fifteen dominant species, the discharge canal
stations and station 1-2 were shown to be detrimentally affected,
the thermal transect stations and E-6 ‘mildly’ affected (alter-
ation, but possibly no deleterious effect), and station 1-17 of
the north embayment possibly ‘mildly’ (adversely) affected,

Probable impact on biomass was evident at statjons i-1,
1-16, 1-2, 1-17 and SP-2. During August, biomass was severely
reduced at stations |-1, -2, and 1-17. An evaluation of the
impact on community structure at Big Bend in relation to the
thermal effluent revealed that the discharge canal and station
-2 were adversely affected. The adverse effect at station |-2
probably resulted from extreme solar heating and the thermal
effluent. Thermal transect stations exhibited "altered” faunal
conditions (detrimental effects were not clearly evident),

A cumulative impact assessment indicated that mildly adverse
conditions due to the thermal effluent were restricted to a one
'kilometer radius from the discharge flume. The most persistent
adverse impact was limited to the discharge canal (approximately
0.04 square kilometers),

Although faunal changes have occurred at some Big Bend

stations since the start-up of Unit 3, based on the extensive
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sample collection and analysis of benthic data reported in this

study, (876 petite Ponar Grab samples analyzed; 400,700 organisms
counted; 352 species identified), it is believed that no signifi-
cant impact had occurred to jeopardize the ”“protection and propa-

gation of a balanced indigenous” benthic community at the study

site.

4. lchthyoplankton

Although spawning occurred during all sampling months, peak
densities of both eggs and larvae occurred during spring and
summer months. Larvae of 41 species were collected; however,

eggs and larvae of the bay anchovy (Anchoa mitchilli) were more

abundant than any other species during spring and summer
(engraul ids accounted for 73.1% of all eggs and 87.4% of all
larvae collected). Sciaenids, represented by seven species of
larvae, were second in abundance making up 26.2% of all eggs
and 3.9% of all larvae. Clupeids accounted for 0.5% of all larvae
and 0.2% of all eggs collected.

It is estimated that 1.858 x 1011 eggs and 3.855 x 1010
larvae were entrained by the plant during 1976. Egg entrainment was
observed during all months exceét January, 1976. Larvae were
entrained during every month of the study. The greatest amount
of egg entrainment occurred in April, 1976. April, 1976 also
was the month of highest larval entrainment.

Total sciaenid entrainment (seven species) during

1
1976 was estimated to be 1.252 x 10 1 and 1.269 x 109 for eggs

9-7



and larvae, respectively,

H. jaguana entrainment occurred during the months of April
through July, 1976. The estimated number of entraijned eggs was
7.446 x 108. Larval entrainment was estimated as 7.196 x 107
individuals., A comparison of the number of eggs produced in
the open bay area to the number of eggs entrained revealed
that an estimated 0.22% impact on the spawned eggs is induced
by the power plant (generating units and the dilution pump ).

Bay anchovy, A. mitchilli, were investigated in greater
detail than other species because of their abundance and their
importance as a forage species. Estimated numbers entrained
during 1976 were 5.795 x 1010 eggs and 3.352 x 1010 larvae,
Comparison between the number of eggs produced by spawning at
open bay stations and the number of eggs lost through plant
entrainment showed that the loss represented only a small
percentage (2.16%) of the total eggs produced in the study area,

Based on the assessment of the significance of.entrainment
of eggs for two dominant species at Big Bend (A. mitchilli and
H. Jjaguana), it appears that entrainment effects on the dominant
ichthyoplankton populations in the area are minimal,

Rearing experiments in bay anchovies indicated an average
of 42% cropping of hatchable eggs through entrainment. Lowest
hatching rates occurred in the summer months when abundance was

highest and ambient and effluent water temperatures were highest.
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5. Meroplankton (lnvertebrate larvae)

The decapod crustaceans of the Big Bend area showed major
spawning peaks through the warmer months of the year. This
pattern is similar to that found in other studies along the
northwest coast of Florida, Some depression of breeding occurred
during the hottest part of the summer.

Large numbers of larvae were entrained through the Big Bend
steam electric station. Decapod larvae entrainment alone was
estimated to be 3 to 4.5 hundred billion in 1976,

A total of 105 taxonomic groups were recorded iﬁ the 363 p
mesh net samples. These included 86 of decapod crustacea taxa
and 19 miscellaneous forms of 7 phyla (including Arthropoda).
Eleven species accounted for about 91% of the individuals
collected during the course of the study. Four species were
dominant, occurred more frequently and accounted for approxi-
mately 80% of the total individuals collected in the study.

They were: Pinnixa sayana (Average density = 148.41/m3; 34.70%),

Polyonyx gibbesi (Average density = 120.95/m3; 28.28%), Upogebia

affinis (Average density = 46.05/m3; 10.77%) and Neopanope texana

(Average density = 18.94/m3; 4.43%).
Most of the decapod larvae found in the study area were non-
commercial species whose adults are also residents of the area.

The commercially important stone crab, Menippe mercenaria, was

frequently collected, and though a minor part of the larvae, 2 to

8 million zoea of this species were entrained in 1976, Only 24
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specimens of larval pink shrimp (Penaeus dourarum) were collected

throughout this study. The offshore spawning behavior of this
commercially important species appears to be the reason for the
low numbers collected in the present study,

Estimates of invertebrate larvae other than decapod larvae
were not realistic as the mesh of the net used in this study
allowed many of these larvae to escape.

Entrainment estimates for the four most abundant species
in the area (during 1976) are: .

1
Pinnixa sayana: 3.151 x 10 1 Neopanope texana: 5.000 x 1010
11

Polyonyx gibbesi: 2.088 x 10

Upogebia affinis: 6.805 x 10:°

and for the commercially important species, the stone crab,

Menippe mecenaria is 7.012 x 109. These estimates ihclude the

entrainment of all three generating units and the dilution
pump.

Entrainment of the species were seasonal in nature and
generally matched seasonal abundance patterns of species in the
area.

It was not possible to quantify the impact of entrainment
of the larvae of any species on the adult population in the area
with the data available. Lack of published information on the
life histories of the meroplankton species collected at Big Bend
and the absence of studies of the mechanisms by which their

populations are maintained (i.e. compensatory mechanisms of the
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species, reproductive potential and strategies, etc.) were the
primary reasons for not being able to assess the significance

of the entrainment estimates.

6. Impingement of Fishes and Macroinvertebrates

A total of 9,382 macroinvertebrates (27 species) and 9,946
fishes (60 species) were impinged on either Unit 1 or Unit 2
during 744 sampling hours. The average rate of impingement for
one unit was 302.6 macroinvertebrates and 320.8 fishes per day.
Highest rates of impingement for both fish and macroinvertebrates
were during the summer and winter months., Rates of impingement
appear to be dependent on seasonal variations in abundance,

Pink shrimp (Penaeus duorarum), blue crabs (Callinectes

sapidus), horseshoe crabs (Limulus polyphemus) portunid crabs

(Portunus gibbesii), brief squid (Lolliguncula brevis), and

mantis shrimp (Squilla empusa) constituted 84.8% of the total

number of invertebrates that were impinged. Pink shrimp (P.
duorarum) alone constituted 35.6% of the total invertebrate
impingement.,

Bay anchovies (Anchoa mitchilli), silver percH (Bairdiella

chrysura), pinfish (Lagodon rhomboides), sand seatrout, (Cynoscion

arenarius), leopard searobin (Prinotus scitilus), and Atlantic

bumper (Chloroscombrus chrysurus) constituted 85.6% of the total

number of fishes that were impinged.
Impingement at Big Bend does not appear to be significantly
depleting the commercial stock in this area. Based on the 1976
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commercial catch for Hillsborough County Mar ine Fisheries Service,
pers. comm.) one unit may have impinged approximately 0.23% of the
commercial pink shrimp catch and 0.7% of the commercial blue crab
catch., Extrapolated impingement data for one year indicated that
one unit has the potential of impinging approximately 5,1% of the
commercial catch of brief squid (L. brevis). Since rates of
impingement vary with the seasons, these estimates are probably
exaggerated.

Based on the data that was collected during 744 sampling
hours between January, 1976 and March, 1977, it doe; not appear
that impingement at Big Bend is significantly depleting the

commercial fish and macroinvertebrate populations in this area,

7. Fishes and Macroinvertebrates

Intensive sampling (by trawl and seine) of the fish and
macroinvertebrate communities in the vicinity of the Big Bend
steam electric station was conducted between January, 1976 to
March, 1977.

Seining (180 hauls) accounted for g total of 61,272 fishes
(56 species; 32 families) and 647 macroinvertebrates (21 species).
Day trawls (56 tows) accounted for a total of 2,109 fishes (26
families; 34 species) and 383 macroinvertebrates (24 species).
Night trawling in February, 1977 accounted for an additional
4,349 fishes and 247 macroinvertebrates in 14 tows.

Throughout the course of the study, Menidia beryllina

(tidewater silverside) and Fundulus similis (longnose killifish)
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were two of the most dominant fish species at several seine

stations. The bay anchovy (Anchoa mitchilli), striped mullet

(Mugil cephalus), scaled sardine (Harengula jaguana), sheepshead

minnow (Cyprinodon variegatus), spotfin mojarra (Eucinostomus

argenteus), silver jenny (E. gula), pinfish (Lagodon rhomboides)

and spot (Leiostomus xanthurus) were the other abundant fish
species collected in the area. Macroinvertebrates were dom-

inated by the crown conch, Melongena corona. A few individuals

of the commercially important macroinvertebrate species Penaeus

duorarum (pink shrimp) and Callinectes sapidus (blue crab) were

also collected.

In seine hauls, station SB=10 (northern embayment) accounted
for 37.5% of the fishes and 54.1% of the macroinvertebrates that
were captured during the course of this study.

The northern embayment station (SB=10) and, to a lesser
extent, some adjacent stations appear to be functioning as
nursery areas for a variety of species. No detrimental effects,
due to the thermal discharge, were apparent in this area.

There was little correlation between temperature, salinity
and: a) the total number of animals captured at each station
each month; b) the total number of species captured at each
station each month; c) the total number of animals captured at
the outside stations (SB-5; SB-12; SB-14); d) the total number
of animals captured at the inside stations (SB-10, SB-11, SB-13);

e) abundance of a commercially important species (Mugil cephalus);
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and f) abundance of Menidia beryllina (average temperature and

average salinity values were used for this calculation).

Changes in numerical dominance and distribution were attri-
buted to natural seasonal varjation rather than to a deterjorat-
ing environment,

No significant differences in relative abundance or faunal
composition were found between the seine stations during the
course of this study, More importantly, the fauna at each
seine station exhibited seasonal variations which appeared
normal for this region. Actually, the Hillsborough Bay seine
stations appeared to be removed from the direct influence of
the warm water discharge. The temperature of the effluent has
cooled considerably by the time it is discharged into Hillsborough
Bay.

Since the area that was most susceptible to the effects of
the heated effluent is small (discharge canal), the mobility of
fishes will enable them to avoid this area during périods of
excessive heating., This avoidance can easily occurhwithout the
loss of an irreplaceable habitat., The habitat created by the
discharge canal does not appear to be vital to the survival of
any particular species, Similarly, fishes can easily utilize
this warm area during the winter months when ambient bay tem-
peratures decline.

Seine station SB-12 is located close to the point of dis-

charge into Hillsborough Bay. No significant differences in
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abundance and/or distribution that can be directly attributed
to the effluent were found.

It appears that, overall, the discharging of thermal efflu-
ent into Hillsborough Bay is eliciting a negligible effect on
the indigenous and transient fishes and macroinvertebrates in

the Big Bend area.

8. An Endangered Species

Sporadic sightings of the endangered Manatee, Trichechus

manatus were reported to the National Fish and Wildlife Labora-
tory Service in Gainesville, Florida. Sightings of the manatee
in a thermally affected area is of particular interest. Hartman
(1974) indicated that manatees seek a habitat where temperature
fluctuations are minimal and, thus, may be attracted to a thermal
effluent when ambient temperatures drop. The manatee may be
stressed by low temperatures and the resulting weakened condition
invites disease (Hartman, 1971).

Three sightings in the discharge canal were reported in 1976.
Only one sighting, involving two manatees, occurred during the
cooler months, winter (November 25). The other two sightings
were in July and August involving three and five manatees, res-

pectively.

9. Overview
The value of each of the studies included here in assessing

a "balanced indigenous population” has been variable. As stated
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in the introductory chapter, impact assessment on nekton and
plankton communities is plagued by wide variations in seasonal
abundance, normal spatial patchiness, and the qual itative nature
of sampling. We feel that we have been able to identify general
trends and/or shifts jn these populations and such conclusijons
as stated herein are perfectly valid, We have attempted to
point out all the limitations of this study in the Hope that no
erroneous interpretations of our data would be made by us or
construed by others,

Data on numbers of meroplanktonic organisms entrained by
the power plant should be considered as estimates which are
tempered by the “state of apt” scientific limitatio;s (e.g.
sampl ing problems, patchiness, avoidance, etc.). Bénthic studies,
as predicted, have yielded the most complete array of quantitative
data on community structure, and consequently the most complete
impact assessment,

Generally, a lack of impact was noted for the benthos and
for fish and macroinvertebrates jn Hil Isborough Bay. Adverse
impact was found for benthos in the discharge canal. A light
to moderate impact was found for phytoplankton only. in the
immediate vicinity (discharge canal) of the plant. Impingement
rates appeared low and were insignificant for commercially
important species when compared to commercial catches, |chthyo~
plankton and meroplankton (decapod larvae) were both entrained

in extremely large numbers. An evaluation of the significance
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of the entrainment estimates on a species by species basis was
not feasible due to lack §F published life history studies on
many of the species collected at Big Bend. However, an esti-
mation of the entrainment impact on the eggs of two dominant

ichthyoplankton species (Anchoa mitchilli and Harengula jaguana)

showed minimal levels of cropping by the power plant
(including the dilution pump).

An area of particular concern, the north embayment was seen
to be inundated at least partially by thermal effluent (at high
tide) and also to be greatly affected by solar radiation. Even
so, this area contained the greatest number of fish and macro-
invertebrates of any other area sampled and appeared to serve

as a nursery area.
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IMPACT ASSESSMENT CONCLUS10ONS

Hydrography

Intensity of the spatial extent of +he temperature
increase due to the thermal discharge was limited to the surface
water layers, to the discharge canal and to the nearshore areas
in the vicinity of the power plant (less than 0.8 km from the
point of discharge to Hillsborough Bay). The 1°% thermal plume
was generally detected (surface only) up to a distance of
approximately 2.3 km from the point of discharge to the bay and
to a maximum of about 3.8 km in the summer. Spatial variatijons
in other hydrographic parameters (salinity, DO, pH and turbidity)

in the open bay appear unrelated to the thermal discharge.

Phytoplankton

Except in the immediate vicinity of the thermal discharge
(discharge canal), no deleterious thermal or entrainment effects

on the phytoplankton communities wepre discernable at the study

site (subject to scientific limitations of the study),

Benthos

A cumulative impact assessment indicated that the mildly
adverse conditions due to the thermal eff|uent were restricted
to a one kilometer radius from the discharge flume. The most
persistent adverse impact was limited to the discharge cangl
(approximately 0.04 square kilometers),
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Although faunal changes have occurred at some Big Bend sta-
tions since the start-up of Unit 3, based on the extensive sample
collection and analysis of benthic data reported in this study,
it is believed that no significant impact had occurred to jeop-
ordize the ”“protection and propagation of a balanced indigenous”

benthic community at the study site.

lchthyoplankton

Based on the assessment of the significance of entrainment
of eggs of two dominant species at Big Bend, it appears that
entrainment effects on the dominant ichthyoplankton populations
in the area are minimal. Although large numbers of eggs and
larvae were entrained by the power plant, the significance of
the entrainment could not be evaluated due to a lack of published
life history studies on the various species collected at Big
Bend. However, in general, entrainment rates functioned as a
variable dependent on seasonal abundance of various species in
the open bay stations, and therefore, were higher only when popu-

lations were denser in the study area.

Meroplankton (Invertebrate larvae)

Large numbers of decapod larvae (3-4.5 hundred billion/
year) were entrained by the power plant in 1976 (calculated
using actual unit days for 1976). Approximately 7.012 x 105 zoea

of the commercially important stone crab (Menippe mercenaria)

were entrained in 1976. Not enough information is presently
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available on the |ife history of the decapod species collected in

the area to assess the significance of the above entrainment,

I mpingement

Impingement does not appear to be significantly depleting

the commercial fish or invertebrate stock in the Big Bend area,

Fish and Macroinvertebrates

No immediate, significant, deleterious effects (except for
possible seasonal effects in the discharge canal) on the fish
and macroinvertebrate populations in the Big Bend area have

been found, using methods as described in this study.

General

Results from the impagt assessment studies described in this
report appear to indicate that the operation of Unit 3 at Big
Bend does not significantly alter the indigenous fish and shel |-
fish populations of +the receiving body of water (Hillsborough Bay).

Also, entrainment effects of phytoplankton, and dominant ichthyo-

plankton and impingement effects appear to be minimal .
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A COMPARATIVE ANALYSIS OF BENTHIC,
PHYTOPLANKTON AND MEROPLANKTON
COMMUNITIES AT BIG BEND

This analysis is presented to provide the reader an overview
of the density, biomass and diversity (species richness) of three
dominant components of the ecosystem at Big Bend, viz., Benthos,

Phytoplankton and Meroplankton., Density is estimated as number

of organisms/m2 for the benthic fauna and as number

of organisms/m3 for the phytoplankton and meroplankton.
(Meroplankton includes both fish and invertebrate larvae).
Biomass is estimated as grams ash free dry weight/m2 for the
benthos and as milligrams ashfree dry weight/liter for the
phytoplankton. Species diversity (species richness) is esti-
mated as the number of species/station for all three groups.
Only open bay subtidal stations have been utilized in this
analysis. Station values were averaged for each sampling
period (temporal point).
The results of this analysis should be viewed with caution
because of the following reasons:
1) sampling intensity, both spatial and temporal, for the
three components varies widely;
2) sampling methods and replication for the three com-
ponents are different;
3) spatial variation for the three components were gen-
erally extensive (thus making the temporal points

deviate widely);
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4) factors governing the abundance and distribution of
the three groups are different;
5) average |ife spans for the three groups are not uniform
6) power plant impact processes are essentially djfferent
for the three components,
The analysis is aimed at only providing estimates of the temporal

patterns in the standing crop and species richness of the three

essentially diffeprent trophic levels,

Faunal Density

Temporal trends in density were essentially simijlar between
thermal and control open bay areas for all three components,
Therefore, only average trends for the Big Bend area are presented
in Figure 9,1, (Density values were log transformed), Temporal
variation was far more extensive in the planktonic components
than in the benthos. Decreases in benthos density generally
followed decreases in the density of merop lankton (apparent
correlation between secondary and tertiary trophic levels),

Higher levels of abundance of phytoplankton general ly appeared

column, thereby pre-empting the meroplankton)., The month of
October was unusual in that both planktonic components were
abundant, Meroplankton exhibited spring-early summer and late
fall peaks in abundance, while phytoplankton exhibited a serijes

of abundance peaks throughout the year. Benthos exhibited a
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greater abundance in the fall and spring months.
Abundance of benthos and phytoplankton were relatively

high when compared to the meroplankton.

Biomass

Biomass was estimated only for the benthos and phytoplankton
(total seston), A comparative graph is presented in Figure 9,2,
Both thermal and non-thermal areas are compared for the two
components. Peaks in the biomass of the phytoplankton are
matched with similar peaks for the benthos., An apparent |ag
appears to occur for the benthos suggesting a belated increase
in biomass of benthos after the increase in the phytoplankton,
Generally, no differences in biomass existed between the thermal

and non-thermal areas fop both components,

Species Richness

A comparative analysis of species richness for the three
components is shown in Figure 9.3 (for thermal areas) and
Figure 9.4 (for non-thermal areas)., The benthijc component was
far more diverse than the planktonic components. While species
richness was similar in both thermal and non-thermal areas for
the planktonic components, the thermal areas exhibited a slight
depression in species richness for the benthos.

Higher species richness was encountered for all three com-
ponents during the fall months. Phytoplankton and benthos

exhibited a higher species richness in the wintepr also., Mero~
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plankton contained a greater number of species during spring

and summer months, Seasonal fluctuations in species numbers

were more pronounced in the planktonijc components,

General Considerations

In general, the planktonic components showed more extensijve

seasonal variations in density, biomass and diversity than the
benthic component. This would be expected because of the short
life spans (phytoplankton) or residing time (meroplankton) of

the planktonic components. Overall, the Big Bend area.appears

to contain a diverse and dense benthic faunal assemblage but an
oligomictic and physically controlled (controlled by hydrographic
variations in the water column) planktonic community. This
characterization would typically fit an estuarine system where

benthic stability (and the abundance of niches) and water column

fluctuations dominate (or control),
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